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ABSTRACT
Three replicate trials, with a total of 36 ileal cannulated pigs, were conducted to
determine the effects of including carbadox or mannanoligosaccharides in weanling pig
diets. Individual crossbred (Yorkshire X Landrace X Duroc) pigs were used as the
experimental units and were weaned at approximately 21 days of age, balanced by
gender, genetics and weight, and allotted to pens in groups of three. Pens were randomly
assigned to one of four treatments including: AB) 55 mg carbadox/kg, BM) 0.2%
phosphorylated mannanoligosaccharide, RT) a rotation of the above two treatments, or
CT) NRC based control treatment with no additives. Pigs were allowed ad libitum access
to water and the assigned treatment as a single-phase diet for a 35-day period. Ileal
digesta were collected on days 14, 21, 28, and 35 of the trial. Pigs were sacrificed on day
35 and digesta and tissue samples were collected from the duodenum, jejunum, ileum,
cecum, and spiral colon. Digesta were analyzed for pH, dry matter, total aerobes, total
anaerobes, lactobacilli, streptococci, E.coli and VFA including: acetate, propionate,
butyrate, valerate, isovalerate, and isobutyrate. Tissue samples were fixed and stained
with hematoxylin and eosin and examined for villi height and crypt depth measurements.
Intestinal pH of the BM treatment was more alkaline and the CT treatment was
more acidic when treatments were compared (P=0.0017). A site effect (P=0.0001) was
also observed where the ileum was more alkaline and the cecum more acidic. Ileal dry
matter increased (P=0.0007) for all treatment groups through day 28 postweaning and
was lowest in the ileum and highest in the spiral colon (P=0.0001). Lactobacilli
concentrations were lowest for the AB treatment and highest for the CT (P=0.0400).
Time effects were observed where total anaerobe concentrations decreased (P=0.0034) 28
iii

and 35 postweaning for all treatments and ileal E.coli concentrations decreased
(P=0.0004) on day 21 postweaning. A site effect (P=0.0001) was observed for all
microbial concentrations. Treatment effects were noted for ileal butyrate (P=0.0070) and
acetate (P=0.0174) where acetate and butyrate concentrations were greater in the ileum
for the AB and RT treatments compared to the BM and CT treatments. Time affected
ileal isovalerate (P=0.0113), butyrate (P=0.0001), and acetate (P=0.0001) concentrations.
A site effect (P=0.0001) was observed for all VFA concentrations. Treatment X site
interactions were observed (P=0.0297) for valerate concentrations. Villi length was
significantly shorter in the ileum and crypt depths were deepest in the cecum and spiral
colon (P=0.0001).
In a subsequent study to compare effects of carbadox and
mannanoligosaccharides on performance, a total of 48 crossbred (Yorkshire X Landrace
X Duroc) pigs were weaned at approximately 21 days of age and balanced by gender,
genetics, and weight. Pens were randomly assigned to one of the four previously
mentioned treatments with each treatment consisting of 3 pens and 4 pigs per pen. Each
group was allowed ad libitum access to water and the assigned treatment as a singlephase diet. Pens were used as the experimental units. Performance parameters, including
average daily gain, average feed intake, and feed conversion ratio, were measured for a
28-day period and compared across treatments. Feed intake and feed conversion ratio
were measured for individual pens. No treatment effects (P>0.05) were noted for any of
the growth parameters measured.
Twelve pigs were sacrificed on day 7 and 28 and digesta and tissue samples were
collected from the duodenum, jejunum, ileum, cecum, and spiral colon. Digesta were
iv

analyzed for pH, dry matter, lactobacilli, E.coli and VFA. Tissue samples were fixed and
stained with hematoxylin and eosin and examined for villi height and crypt depth
measurements. Individual pigs were used as the experimental units and data were
analyzed over time.
Treatment effects (P=0.0109) were observed on day 28 postweaning where pH
was highest for the AB and BM treatments and lowest for the CT. Treatment X site
interactions (P=0.0333) were observed for percentage dry matter. Site effects (P=0.0001)
were observed for both pH and percentage dry matter. Treatment effects were observed
for E.coli concentrations on day 28 (P=0.0063) and over all days (P=0.0282).
Concentrations were lowest for the AB and BM treatments and highest for the CT
treatment. Treatment X site interactions (P=0.0313) were observed for E.coli
concentrations on day 28 postweaning. No treatment or site effects (P>0.05) were
observed for E.coli resistance to carbadox. Resistance increased (P=0.0032) from day 7
to 28 postweaning for all treatments and sites. Treatment X site interactions (P=0.0500)
were observed for E.coli resistance overall. Site effects (P<0.05) were observed for
lactobacilli and E.coli concentrations. Treatment X site interactions were observed on
day 28 for isobutyrate (P=0.0200), and on day 28 and overall (P=0.0001) for acetate
concentrations. Treatment effects (P<0.05) were observed for valerate concentrations on
day 7, 28 and over all days. Treatment effects (P=0.0002) were observed on day 28 for
acetate concentrations. Site effects (P<0.05) were observed for isovalerate, valerate,
propionate, acetate, and butyrate concentrations. Site effects (P<0.05) were observed for
villi height and crypt depth.
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Results from this research indicate that the intestinal microbial environment is
affected by the inclusion of carbadox or mannanoligosaccharides in weanling pig diets.
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I. REVIEW OF THE LITERATURE
Development of Intestinal Digestion
To formulate diets optimally suited to the digestive capacity of the piglet, it is
necessary to know as much as possible about the efficiency of the piglet’s digestive
system and of any changes in the digestive capacity which occur as it gets older
(Manners, 1976). There is a close relationship between the degree of maturation and
absorptive functions of the intestines. Low (1976) defines digestion to be the process of
reducing the size of organic molecules by hydrolysis while absorption is the process of
uptake of molecules and ions by the epithelial cells lining the gut. Low (1976) also
discusses that digestibility is not only the measure of susceptibility of the physical and
chemical structure of the nutrient to hydrolysis; but also the capacity of the animal to
secrete sufficient enzymes of the appropriate type to effect the hydrolysis, in the presence
of a suitable mineral solution, and of the ability of the absorptive system to move the
nutrient from the gut lumen. There is a need to examine the many facets of the digestive
development in growing pigs for both absorption and digestibility answers. Some
developmental changes are specific, such as when the transport of one or several solutes
is changed, or nonspecific when the transport of many different solutes is altered. Nonspecific changes may reflect changes in the mucosal surface area, changes in proliferation
and migration of enterocytes, changes in phospholipid composition and fluidity of the
plasma membrane, and changes in para-cellular permeability. Specific changes may be
related to the changes in cell turnover rate, affinity, and the density and expression of
transporters.
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Intestinal Morphology
The small intestine is usually divided into three regions with microscopic
similarities, the duodenum, jejunum and the ileum. The mucosa of these sections consists
of fingerlike villi and between the bases of the villi are simple tubular glands known as
the crypts of Lieberkuhn (Dukes, 1957). Secretory cells that produce intestinal secretions
line the crypts.
Dramatic changes in the intestinal morphology and in the rate of cell proliferation
and migration are two important mechanisms that determine the changes in mucosal
weight and surface area and thus of the total transport capacity (Pacha, 2000). Intestinal
development is associated with the growth of the intestines and also the changes in the
intestinal villi in the small intestine. By birth, the stratified endotherm that is formed of
undifferentiated cells has undergone a transition into a simple columnar epithelium with
villi. Cellular proliferation is detectable along the villi, crypts have developed and
intestine-specific genes can be detected (Rings et al., 1992). Crypt cell proliferation in
the small intestine is low in the suckling pig until weaning. Early development of
enterocytes is associated with amplification of the surface of microvilli and of the
basement membrane. Developmental changes of surface area are influenced by rapid
growth of intestinal mucosa that is predetermined by decreased cell turnover (Klein,
1989). This decrease in cell turnover rate increases the lifetime of the enterocytes and
slower development influences the presence of different phenotypes in the immature
intestines. These morphological changes relate to the rate of cell turnover in the intestinal
epithelium because cell replacement is slow at birth. Immature crypts contain polyclonal
cells whereas mature crypts are composed of cells of one phenotype (Dukes, 1972).
2

These immature crypts contain only a small group of proliferating, undifferentiated stem
cells that give rise to several cell phenotypes that migrate onto adjacent villi. Early
prenatal crypt development is typical for species with longer gestation periods such as the
pig (Moxey and Trier, 1978).
Cells that express one type of transporter are slowly replaced by cells exhibiting
other transport properties. There are also differences in the distribution of transporters
along the crypt to villi axis in the immature intestine. Nutrient transport in the immature
intestine is localized in the upper villus and then develops along the whole villus down
into the crypts. Along with the formation of villus and crypts there is development of
various enterocytes (absorptive cells), mucus secreting goblet cells, and enzyme secreting
cells.
Enzymatic Development
Insufficient enzymatic development provides a rational explanation for the
inability of the young pig to digest certain carbohydrates in artificial diets and shows the
importance of relating the diet composition to the enzymatic capabilities (Hudman et al.,
1957). Gastric glands of the newborn pig contain peptic and parietal cells but proteolytic
activity is low for the first two weeks of life. Acid secretion by the parietal cells is
minimal during early life and trypsin is the main protein splitting enzyme (Dukes, 1972).
The stomach increases in volume and acidity as the pig ages, which in turn increases the
amount of pepsin, which is more fully activated due to the increase in secretion of
hydrochloric acid (Manner, 1976). By three weeks of age, trypsin concentrations in the
pancreas have increased and pepsin secretions have increased resulting in a stomach
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acidity that is suitable for gastric proteolytic digestion. Smith (1988) concluded that
negligible peptic activity occurs until 3 weeks of age.
A rapid increase in pancreatic amylase occurs from birth to around 5 weeks of
age, resulting in an increase in the capability of starch digestion as the pig matures.
Corring et al. (1978) found that pancreatic amylase was low at birth and did not increase
until after 21 days of age, whereas pancreatic lipase remained low until 35 days of age.
This research also suggested that pancreatic function was stimulated from the third to
fourth week of age and seemed to coincide with creep feeding. Corring et al. (1978)
hypothesized that the creep feeding might have helped pancreatic adaptation of enzyme
activity to the diet prior to weaning. Lactase is high at birth through two to three weeks of
age and then rapidly declines, whereas sucrase and maltase activity is low at birth and
rises gradually to a maximum after three weeks of age. Research by Aumaitre and
Corring (1978) indicated that intestinal lactase activity decreased even in pigs prevented
from eating solid feed. Walker (1959) found little bile in the gallbladder of newborn
pigs, however, that product increased slowly during the first three weeks of life.
pH
The pH in the stomach of the nursing pig is close to that of its diet, differing
considerably from that of the adult, which has a pH of approximately 2 (Manners, 1976).
In a study conducted by Manners (1976) examining the development of the digestive
tract in growing pigs, no low pH values were noted in the stomach of nursing pigs less
than 7 weeks of age. Lower acidity in the digestive tract of the young pig allows bacteria
to multiply more freely. This would potentially make the pigs more susceptible to
gastrointestinal disease during this period. The study concluded that there seemed to be a
4

long period in which the stomach contents are insufficiently acidic (greater than pH of 3)
to inhibit bacterial multiplication and to activate pepsinogen.
Intestinal Permeability
The regulation of intestinal transport function is largely dependent on the
junctional complex connecting enterocytes. Regulation of transport determines the extent
to which solutes and water are absorbed or secreted. Tight junctions form a barrier
between the lumen and basolateral compartments and selectively control the passive
diffusion of ions and other small solutes through the paracellular pathway. This
influences any gradient created by activities of pathways associated with the transcellular
route (Pacha, 2000). The presence of paracellular pathways with high permeability
permits rapid diffusion and creates large transepithelial electrical potentials and
concentration gradient across the epithelium. These paracellular routes enable the
absorption of some solutes coupled with fluid absorption via solute drag, without any
additional expenditure of energy. Routes may also indirectly influence transcellular
movement by influencing Na+ dependent absorption of nutrients due to the paracellular
back flux of Na+ (Madara, 1989). These observations are of considerable importance for
understanding the physiology of absorption of nutrients, but questions regarding changes
during development are still unanswered. Indirect evidence suggests that the
permeability of the immature intestine in the newborn pig is higher than in adult animals
and the response of the intestine to hypertonic perfusion is age dependent (Wisser and
Horster, 1978).
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Microbial Establishment
The tract of the newborn pig is relatively sterile but is exposed to a variety of
microorganisms shortly after parturition and rapidly acquires an intestinal bacterial
population (Kenworthy and Crabb, 1963; Savage 1970). Various microorganisms
colonize specific regions of the intestinal tract and are well adapted to that particular
environments. The entire length of the intestinal tract of a healthy pig is occupied by
bacteria with concentrations of 106 to 109 colony forming units (CFU)/g in the small
intestine and 109 to 1010 CFU/g in the cecum and colon (Kenworthy and Crabb, 1963;
Smith and Jones, 1963).
Studies conducted by Savage (1970, 1977) determined that the first
microorganisms to appear in the intestinal tract were lactobacilli and streptococci, both of
which are lactic acid producing bacteria. Lactobacilli and streptococci colonize the
nonglandular portion of the stomach and can be cultured from all areas of the intestinal
tract by 24-48 hours after birth. Briggs et al. (1954) also established that lactobacilli and
streptococci were the major intestinal microflora. Subsequent work by Smith and Crabb
(1961), Kenworthy and Crabb (1963), and Smith and Jones (1963) established that
“normal” microflora of the pig were lactobacilli, streptococci, Bacteriodes spp., and
Escherichia coli. The intestinal tract is inhabited by a complex and dynamic microbial
ecosystem and must develop a means of keeping intestinal bacteria in check along with
the ability to discriminate between resident microflora and enteric pathogens (Lu and
Walker, 2001).

6

Factors Affecting Microbial Composition
Factors generated by the animal can influence population levels and types of
microorganisms that inhabit particular areas of the intestinal tract (Savage, 1977).
Hydrogen ion concentration is a major factor that dictates the type of microorganisms
that colonize specific areas. Peristalsis also imparts a strong influence that prevents
microbial communities from developing in the lumen of the upper and middle regions of
the small intestines. The intestinal temperature of 37°C is optimal for the growth of
microorganisms and is an asset to their colonization (Savage, 1972). Anaerobic microbes
have the ability to colonize in any location of the intestinal tract because of the low
oxygen content (Walden and Hentges, 1975).
Affects of Weaning on the Intestinal Tract
Weaning is a critical period for the physiological development of the baby pig’s
digestive tract. Pigs are subjected to many stresses during weaning that can contribute to
poor growth rate, either directly or indirectly. Weaning is a time of dramatic changes that
can be important modulators of the structure and function of the gastrointestinal tract.
The stimuli that regulate intestinal adaptation to the absorption of diets at weaning are
incompletely understood. Alterations in the small intestinal structure have been
described by numerous researchers (Pacha, 2000; Gay, 1976; Kenworthy, 1976;
Hampson, 1986; and Hetty et al., 1998). Smith (1988) concluded that weaning induced
problems in intestinal function appear to be caused more by changes in digestive function
and intestinal structure than by any direct inhibition of transport properties of the small
intestine.
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Morphology
The redifferentiation of the intestine during weaning is associated with
accelerated proliferation of enterocytes that contributes to increased crypt depth and
villus height. Pacha (2000) noted rapid reduction of villus height and an increase of crypt
depth during the weaning period of species with longer gestation periods such as the pig.
Research conducted by Hampson (1986) observed the difference in small intestinal
morphology between groups of weaned and unweaned pigs. This research found that villi
height of the weaned pigs was reduced to around 75 percent of the unweaned pigs within
24 hours after weaning. Villi height continued to decrease until approximately five days
post weaning when the villi were approximately half their initial height. He observed
only small alterations in the unweaned groups of pigs. Weaned pigs also demonstrated a
significantly greater increase in crypt depth, especially in the distal half of the small
intestine. Crypt cells migrate upwards, becoming villous enterocytes. The migration
cycle from crypt base to extrusion at the villus apex takes two to four days (Moon, 1971).
Hampson (1986) hypothesized that the reduction in enterocyte numbers in weaned pigs
could be the result of an increased rate of cell loss or a brief reduction in crypt cell
production rate and concluded that weaning appeared to be a point of transition from
‘neonatal-type’ to ‘adult-type’ intestines. This is supported by Hetty et al. (1998) who
conducted experiments to observe differences between groups of pigs that were
unweaned, weaned to a conventional weanling diet, and weaned but still provided a diet
of sows milk. This study showed villi were significantly shorter and crypt were
significantly deeper by day four in the pigs weaned to the conventional diet compared to
any of the other groups. They concluded that villi height in the small intestines was
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primarily influenced by the level of feed intake and not the composition of the diet. They
also concluded that villous atrophy was partially caused by the stress of separating the
pigs from the sow and moving them to other pens.
This study also observed higher concentrations of short chain fatty acids (SCFA)
and lower dry matter in the large intestines of the conventional pigs. Conventionally
weaned pig’s intestinal tracts weighed two or more times that of the other groups on both
days four and seven post weaning and were abruptly changed from milk to solid.
Enzymatic Changes
The diet should be prepared on the basis that it is adapted to the digestive
potential and nutritional tolerance of the young pig with attention being drawn to the
possibility that total enzyme activities of the pancreas and small intestine are increasing
during early life (Aumaitre and Corring, 1978). Smith (1988) found that there was a loss
of dissaccharidase activity during the weaning period of pigs. Corring et al. (1978)
concluded that in order to improve the productivity of the pig at weaning it was important
to define the point at which the pancreatic enzyme function is sufficient for the hydrolysis
of a diet that replaces milk. It was also concluded that weaning should be based on
development of the digestive function rather than the age of the pig.
Intestinal Microflora Establishment
The gastrointestinal microflora (1) affect growth and development of the host, (2)
influence nutritional requirements, (3) affect morphogenesis of the gastrointestinal tract,
(4) modify by metabolic activity endogenous and exogenous substances introduced into
the gastrointestinal lumen and (5) play an active role in preventing foreign
microorganisms from becoming established (Visek, 1978). The newly weaned pig has
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not developed the proper commensalate bacteria “barrier” to protect the intestine from
invasion by harmful bacteria. Certain bacterial populations regulate other bacteria in the
intestinal flora and it is important to maintain a “balance” between populations. The
Lactobacillus genus appears to be a key participant in maintaining a balance in microbial
number and types in the intestinal tract (Hutcheson, 1994). Oligosaccharides are readily
fermented in the cecum and large intestine and promote the growth of lactic acid bacteria
such as Bifidobacterium and Lactobacillus species (Gabert et al., 1994). These bacteria
obtain energy for reproduction and life by fermenting organic compounds ingested or
produced by the host. This fermentation yields organic products (volatile fatty acids) that
are excreted by the bacteria and can be used by host tissues (Savage, 1994). Lactobacilli
have also been shown to produce VFA in the intestinal tract that lower the pH and
suppress the growth of pathogenic bacteria (Gabert, 1994; Hutcheson, 1994).
The change in diet following weaning may lead to shifts in indigenous microflora
and their metabolites. The presence of enteric bacteria may amplify the changes that take
place during the weaning development period of the pig (Smith, 1988). Mathew et al.
(1991) found that by two days post weaning, ileal lactobacilli concentrations decreased
by nearly 1000 fold along with an increase in E. coli concentrations and an increase in
pH. These values all returned to near preweaning levels over the next seven days.
Similar observations were seen in research conducted by McAllister et al. (1979) and
Hampson et al. (1985). Risley et al. (1993) observed a decrease in jejunal lactobacilli
concentrations from 5 to 7 days post weaning and studies by Miller et al. (1984)
concluded that weaning itself and the weaning procedure had a significant effect upon
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both the proliferation of haemolytic E. coli and on whether that proliferation was
associated with diarrhea.
Miller et al. (1984) also suggests that postweaning gut damage in the pig may be
due to a delayed hypersensitivity reaction to dietary antigens. The experiments compared
groups of pigs that were fed creep feed prior to weaning, pigs that were primed (fed
limited amounts of creep feed prior to weaning), and pigs that were abruptly weaned to
conventional diets with no access to solid food prior to weaning. The abruptly weaned
and primed groups exhibited greater proliferation after exposure to haemolytic E. coli,
which was associated with a higher incidence of diarrhea than the other groups. They
hypothesized that continual exposure to the solid food of the creep fed group led to a
“tolerance” until maturity of the intestinal tract postweaning. It was concluded that
dietary manipulation could influence the proliferation of bacteria and diet associated
damage to the intestinal tract.
Volatile Fatty Acids
Production and absorption of volatile fatty acids (VFA) are important to the
nutrition and normal secretory and absorptive functions of the large intestines of most
mammals. VFA could originate from indigestible polysaccharides in the meat or grain of
the diet, those present in the wall of desquamated gastrointestinal cells, and the
polysaccharide of mucous provide a substantial source of approximately 80% of the total
VFA concentration (Stevens, 1978). Volatile fatty acids are also the end products of
microbial digestion of all forms of carbohydrates. According to Bergman (1990) the
concentrations of VFA at different sites of the gastrointestinal tract are a direct function
of the bacterial population and thus are proportional to the time or extent to which digesta
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are retained. This research opens the door for at least two interesting topics involving
VFA, bacterial population and digesta retention time. There is a more rapid flow of
digesta through the upper portion of the small intestines that decreases along the tract.
This supports the findings of Bergman (1990) and Friend et al. (1963) that show VFA
concentrations in pigs were lowest in the stomach and small intestines while highest in
the cecum and colon. Prohaszka and Lukas (1984) found that the VFA concentrations in
the large intestines had an antibacterial effect due to lower pH and suggested that some E.
coli infections could be controlled dietarily by VFA modifications. The type of microbial
metabolism and the VFA produced can greatly affect the specific microbial populations
that predominate. Research conducted by Mathew (1991) suggested that the abrupt
change in VFA concentrations that occurred at weaning might have an effect on some
species of enteric bacteria.
pH
Enterotoxigenic bacteria such as some types of E. coli tend to favor an
environment that is more alkaline in pH, whereas commensalate bacteria such as
lactobacilli prefer a more acidic pH. de Alwis (1970) noted that the survival rate of
potentially pathogenic E. coli was reduced at a pH of 3.6 and below. Mathew (1991)
showed that the highest concentrations of VFA occurred in the cecum and spiral colon
the lowest concentration in the duodenum. The higher VFA concentrations coincided
with the lowest pH in these areas and indicated that the cecum and colon should exhibit
much greater fermentation activity than the upper small intestine. The lower
concentration in the small intestine may be due to the rapid absorption of VFA in this
area. VFA concentration and pH is especially important in the pig during the weaning
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period. The abrupt change in diet and environment can lead to a reduced feed intake and
flow of digesta along with an increase in the pH of the small intestine, creating a more
favorable environment for enterotoxigenic bacteria (Mathew, 1991).
Pathogen Exposure
Since the small intestine is the major site for nutrient absorption as well as for
pathogen invasion, changes in pH, VFA, enzymatic function and morphology can be
responsible for many of the intestinal disruptions that lead to the post weaning lag phase.
Such changes can produce a suitable environment for potentially pathogenic E.coli but
not for the commensalate types of bacteria such as lactobacilli. A significant decrease in
lactobacilli concentrations can occur within two days after weaning as well as an increase
in pH, which may lead to the proliferation of pathogenic E. coli (Mathew et al., 1991).
These results support earlier reports by Thomlinson and Lawrence (1981) who observed
that the increase in E.coli at weaning could be delayed by lowering gastric pH. They also
concluded that the increase in E. coli that is associated with weaning may be potentiated
by the induction of ad libitum feeding. Gaastra and De Graaf (1982) suggested that
adhesive filaments (fimbria) of certain strains of E.coli might be affected by the
physiological environment of the gut such as decrease in pH and reduced receptor cites as
a result of microbial populations and morphology. The increased production of specific
VFA by the establishment of non-pathogenic bacteria may alter the intestinal
environment to the point where it is not suitable for the proliferation or attachment of
pathogenic bacteria.
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Adherence and Colonization of E. coli
Pathogenic intestinal bacteria have been classified by Takeuchi (1967) into three
groups according to where they colonize in the intestines: (1) pathogens that invade the
intestinal mucosal barrier; (2) pathogens that attach themselves to intestinal epithelium
but are not invasive; and (3) pathogens that neither penetrate nor attach themselves to
intestinal epithelium, but none-the-less elicit symptoms. E. coli is a normal inhabitant of
the intestinal tract of animals, only specific strains being an important cause of morbidity
and mortality in young farm animals (Hinton and Linton, 1987). The surface of E. coli
cells is covered with surface antigens, or adhesions, capable of provoking immunological
reactions, which are commonly used for the serological classification of pathogenic and
non-pathogenic strains. These surface antigens, the most common antigens being O, K,
and H, include substances referred to as adhesions, which are responsible for the
attachment of the cells to the epithelial mucosa (Gaastra and De Graaf, 1982).
E. coli Surface Antigens
The O antigens are lipopolysaccharide complexes and constitute part of the outer
membrane. They are thermo-stable and are not inactivated by temperatures of 100 or
121°C. The H antigens are flagellar and protein in nature and are inactivated at 100°C.
The K antigens are usually acidic polysaccharides that form an envelope or capsule
around the cell wall. Porcine diarrhea can be characterized by the proliferation of certain
serotypes of E. coli in the small intestine, many of which bear K antigens on their
surface. The ability of these E. coli strains to proliferate and cause disease has been
attributed to their ability to adhere to the piglets’ intestinal epithelium (Gaastra and De
Graaf, 1982).
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Invasive E. coli
For some microorganisms to cause disease, they must first gain a foothold within
the intestine in order to grow in sufficient numbers to produce clinical signs of disease.
The ability of some E. coli strains to proliferate in the small intestines of pigs is
dependent on the production of adhesins that specifically bind to sites on host cell
surfaces. Several studies have demonstrated that the ability of E. coli to exhibit
pathogenic characteristics is due to the ability to adhere to the mucosal epithelial layer of
the intestines (Duguid et al., 1955; Arbuckle, 1970; Sellwood, 1980; Hinton and Linton,
1987). If attachment does not occur, the bacteria are expelled by the host’s physiological
mechanical defense mechanisms such as peristalsis and mucous secretion. Adhesive
structures on the surface of bacteria bind to complementary adhesive structures on the
surface of host cells known as receptors.
Adhesins are carried on surface protein filaments referred to as fimbria. Some
pathogenic and non-pathogenic E. coli produce non-specific, type I fimbria. Type I
fimbria are capable of binding to a wide variety of animal and plant cell surfaces and
their binding ability is known to be inhibited by free mannose units. This type of fimbria
is the most universal adhesin of E. coli and their adhesive properties contribute to the
pathogenicity of enteropathogenic strains (Gaastra and De Graaf, 1982). Originally,
Duguid et al. (1955) correlated the haemagglutination of erythrocytes by E. coli with the
presence of fimbria on the bacteria, and regarded the fimbria as organs of attachment.
From this they hypothesized that these fimbria may also be effective in the in vivo
adhesion of E. coli to intestinal epithelium. This hypothesis was confirmed by Arbuckle
(1970), who presented evidence that in both natural and experimental cases of E. coli
15

diarrhea in pigs, enteropathogenic strains of E. coli attach themselves to small intestinal
villi. E.coli was observed on the free border of the villous epithelium and between
adjoining villi but was not considered invasive because the bacteria was rarely observed
within the epithelial cells. E.coli was also observed within the apical region of the small
intestinal crypts and was associated with the exfoliation of the microvilli prior to
attachment of bacteria to the apical membrane. Adhesion commenced at the basal region
of the villi and then progressed upwards. This region was thought to provide an
environment more sheltered against peristaltic flow and render the site more suitable for
the development of bacterial adhesion. Arbuckle also observed non-pathogenic E. coli on
the villi but to a much lesser degree and concluded that the degree of adherence was
greater for the enteropathogenic versus the non-enteropathogenic strains.
Sellwood (1980) observed that the haemagglutination of E. coli could be inhibited
by some glycoproteins and suggested that sugar residues are involved in the intestinal
receptors. Studies on the attachment of E. coli to mouse macrophages have shown that
attachment can be inhibited by D-mannose and substances with mannose residues.
Mannose-sensitive attachment of E. coli has also been shown to occur to erythrocytes
(Duguid, 1957) and brush borders of pigs (Sellwood, 1980), but this type of attachment
was usually mediated by type I fimbria. Urinary tract infection by E. coli in mice has
been shown to involve mannose-sensitive attachment of bacteria to the epithelial cells,
which has been inhibited by methyl α-D-mannopyranoside (Aronson et al., 1979). Oyofo
(1989) observed that the binding of E. coli to epithelial cells of the mucosa was mediated
by a mannose-specific lectin-like substance present on the surface of the bacterium. This
site on the bacteria may bind to a mannose-like residue site on the mucosal surface
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(Freter and Jones, 1976). Research by Beachey (1981) states that receptors on cell
membranes for gram-negative bacteria are generally composed of carbohydrates, with
many specie’s receptors appearing to reside in a single mannose sugar. Oyofo (1989) also
suggested that the epithelial cell receptor probably terminates in mannose and therefore
the addition of mannose to the diet blocks the adherence of bacteria that have mannosesensitive fimbria. This type of inhibition mechanism may only function for specific
strains of bacteria such as those with the type I fimbria.
Sellwood (1980) concluded that many strains of E. coli, which cause neonatal
diarrhea in the pig, are characterized by the possession of a surface antigen designated
K88. The antigen was shown to be a virulence determinant because it enabled the K88
positive E. coli to attach to the intestinal epithelium and thereby avoid removal from the
intestine by peristalsis. It was concluded that binding of K88 E. coli to intestinal
enterocytes was not simply a non-specific attachment mechanism that allowed it to attach
to all cell surfaces, but required a highly specific receptor that was only found on the
brush border membrane of some pigs. The conclusion that some pigs may lack the
specific receptors is supported with research from Hinton and Linton (1987) who
concluded that the young pig is capable of maintaining a “reasonably” individual
majority of E. coli flora despite the close contact animals experience at this age.
Non-Invasive E. coli
Although some strains of disease causing E. coli are invasive, most are noninvasive and the disease effects are associated with the production of enterotoxigenic
substances. Noninvasive strains are characterized by their ability to proliferate in the
small intestine and by the production of one or both types of enterotoxins, which include
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a heat resistant and a heat labile form (Gaastra and De Graaf, 1982). The production of
both types of enterotoxins is controlled by transmissible plasmids (Gyles and Barnum,
1969). Enterotoxigenic E.coli have fimbria that are classified as host specific adhesions.
In contrast to type 1 fimbria the host specific adhesions occur exclusively on
enterotoxigenic strains of E.coli and are not inhibited by mannose. The enterotoxins
stimulate the epithelial cells to secrete fluid into the lumen of the gut and thereby cause
the actual diarrhea. The majority of enterotoxigenic strains isolated from pigs appear to
belong to a restricted number of O serogroups and produce, either K88, K99, or 987P
adhesins (Arbuckle, 1969). The adherence to and colonization of the epithelial cell
surfaces of the small intestine, without actual tissue invasion, followed by proliferation to
large populations is consistent with clinical and experimental observations of diarrhea in
animals caused by enterotoxigenic E. coli. The K88 antigen enables E. coli to proliferate
in the anterior small intestine where normally very few bacteria are present because of the
faster flow of digesta. A study by Okerman (1987) on E. coli strains from cattle and
buffalo calves mentioned that cytotoxic and heat labile enterotoxin producing strains
were significantly associated with diarrhea, while the heat labile strains were not. This
was not the case with cytotoxins from pig strains. Many of the pig cytotoxic E. coli
produced enterotoxins but the enterotoxic activity could not be demonstrated because
plasmids coding for enterotoxin production were being transferred together with the
cytotoxic gene during conjugation. The genetic determinant of K88 adhesins was found
to be located on a plasmid that could be transferred to other bacteria by conjugation
(Orzkov and Orzkov, 1966). Indications were obtained that two plasmids were involved
in the transfer of the K88 determinant: (i) a transfer factor responsible for the transfer of
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the K88 genes and/or chromosomal markers to recipient cells, and (ii) another DNA
segment on which the K88 determinant was located.
Intestinal Activity Against Antigens
The intestinal epithelium must be able to readily discriminate between resident
microflora and pathogens in order to keep the beneficial bacteria in check and to initiate
defense mechanisms against the potentially harmful ones. Fluid excretion is a defense
mechanism used to rapidly increase the flow of fluid over the epithelial surface and flush
the organisms from the intestines (Hecht, 1999). This flushing of the intestines prevents
the attachment of bacteria to the epithelial cells or dislodges adherent organisms. This is
the mechanism by which many enteric pathogens are able to induce diarrhea.
Mucins are highly complex glycoproteins that coat the mucosal surface of the
gastrointestinal tract. The carbohydrate structures on the mucins are diverse and provide
potential binding sites for both commensal and pathogenic organisms resulting in a niche
for microbial colonization and activation of the immune system (Hecht, 1999)..
Antibody Activity
Antibody mediated inhibition of bacterial adhesion is one potential defense
mechanism of the host against the pathogen (Gaastra and De Graaf, 1982). Freter (1970)
has shown that one effect of antibody is to prevent adherence of pathogens to intestinal
mucosa or to inhibit the growth of bacteria, which adhere to the mucosa. Antibodies can
be derived from maternal sources through the colostrum and milk or later by local
synthesis of the intestinal secretory immune system. Pigs have no transplacental passage
of antibodies and must absorb them from colostrum soon after birth. Septicaemic illness
due to infection with E. coli can be prevented by feeding the IgM fraction of colostrum
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during the first week after birth (Shearman et al., 1972). As well as bacterial and viral
antigens, the gut mucosa also comes into contact with foreign proteins that are ingested
as part of the normal diet. The development of natural antibodies is possibly related to the
antigenic stimulus provided by the normal microbial flora and dietary proteins.
Shearman et al. (1972) detected antibodies against dietary proteins in intestinal secretions
as well as milk proteins in the absence of intestinal disease in feces and saliva.
Germ free and neonate pigs contain very few plasma cells, but they rapidly appear
after bacterial contamination. The immune response by the intestine appears to be
localized to the site exposed to the antigen and the intestine does not behave as a single
unit (Shearman et al., 1972).
Normal gut tissue contains mostly IgA, intermediate amounts of IgM and a small
amount of IgG. IgA appears as a response to colonization and is seen in the basement
membrane between epithelial cells and in the apical regions of epithelial cells. In normal
gastric mucosa there is a majority of IgA producing plasma cells (Odgers and Wangel,
1968). Antibody response to ingested antigens consists mainly of IgA that is produced
from the plasma cells in the gut epithelial layer. IgA agglutinates the bacteria and
prevents their attachment to the intestinal epithelium resulting in their removal by
peristalsis (Dixon, 1960). The coating of bacteria by IgA also appears to mask the
antigenic sites of the bacteria. Beale et al. (1971) hypothesized that IgA is directed
against commensal bacteria and leaves potential pathogens uncoated so that these
pathogens can stimulate the production of bactericidal IgG and IgM antibodies.
Lactobacilli and other commensalate bacteria have been shown to colonize in the
intestine and activate the immune system without causing disease (Savage, 1994). This
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primes the immune system and helps to prevent pathogenic bacteria from colonizing in
the intestines. IgA may also play a similar role in relation to dietary antigens, preventing
the formation of IgG and IgM antibodies. However, antibodies to commensal bacteria
are not exclusively IgA and IgA can appear in response to pathogenic bacteria (Reed and
Williams, 1971).
Development and Growth Performance
Weaning can be a very stressful time for pigs because of the abrupt changes in
environment and diet. These changes often result in a “lag phase” which leads to a
greater potential for disease. The pig is also facing many physiological changes during
this period that require greater amounts of energy. Significant changes in bile acid
metabolism, including the bile acid pool and the development of hepatic transport
mechanisms occur at weaning (Pacha, 2000). Intestinal development and hormone
production are accelerated with developmental changes for more rapid deposition of
protein into muscle. Dietary changes impose greater demands on the intestines and can
stimulate growth of intestinal mucosal and cell proliferation (Buts, 1993). The mucosal
surface epithelium of the gastrointestinal tract is composed of multifunctional, rapidly
proliferating epithelial cells with complete turnover every 24-46 hours (Dignass, 2001).
The energy requirements of intestinal mucosa are high, not only due to energy
consumption for the synthesis of proteins and proliferation, but also due to the high
capacity of active intestinal absorption and secretion (Pacha, 2000).
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Factors Contributing to the Lag Phase
Pathogen exposure and physiological and dietary changes that impose more stress
and require more energy for animal maintenance have led researchers to search for
methods to overcome the weaning “lag phase” and to enhance growth performance of
animals during this stressful period. Many post weaning intestinal disorders can be
linked to strains of E. coli (Arbuckle, 1969), specifically K88, K99 and 987P. These
types of E. coli have the ability to produce enterotoxins that lead to intestinal damage and
produce fimbria that specifically bind to receptors on the intestinal epithelium (Mathew,
1991). The majority of pathogenic and non pathogenic E.coli produce non specific, type
1 fimbria that allow them to bind to cell surfaces and are known to be D-mannose
sensitive (Mathew, 1991). Enterotoxigenic strains of E.coli produce either heat labile or
heat resistant enterotoxins and are not D-mannose sensitive (Gaastra and De Graaf,
1982). These toxic products reduce the life span of epithelial cells causing a greater rate
in cell turnover. Prior et al. (1974) and Visek (1978) found more mucosal cells present in
conventional animals and they were replaced 30-40% more rapidly (as shown by their
progression up the villi and extrusion into the lumen of the intestine) when compared to
germ free animals. They concluded from this research that toxic bacterial products such
as ammonia could result in a shortened cell life span causing the need for more rapid
turnover of intestinal epithelial cells in conventional animals. Zimber and Visek (1972)
suspected that the substantially greater cell mass in the intestinal mucosa of
conventionally reared animals versus germ free was probably due to bacterial activity
causing an increase in the number of cells from a shorter regeneration time. Rapid
turnover of intestinal epithelium requires a readily available supply of nutrients that may
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be diverted from other areas such as growth. Visek (1978) proposed that ammonia
produced by bowel bacteria might be harmful to growth due to the increased
consumption of ATP from an enhanced requirement for the synthesis of glutamine from
ammonia in order to prevent toxicity.
Antibiotic Use in Animal Feeds
In the 1940’s, subtherapeutic levels of antibiotics were shown to improve growth
rates and performance when included in the diets of chicks (Moore et al., 1946). Studies
in the early 1950’s proved that antibiotics had similar effects on other livestock such as
swine and cattle (Bartley et al., 1950; Cunha, 1950; and McGinnis et al., 1950). Since
then sub-therapeutic levels of antibiotics have been included in animal diets and
extensive research has been conducted to examine their growth promoting effects
(Visek, 1968 and 1978; Thrasher et al., 1969; Dove, 1993; and Weber et al., 2001). The
subtherapeutic use of antibiotics includes low doses (<200g/ton of feed) over longer
periods of time (NRC, 1999). It is estimated average increases in rates of gain for pigs
from the use of antibiotics in their starter, grower and finisher feeds are about 25, 15, and
16% respectively. Corresponding estimates for feed utilization improvement are 9, 5,
and 3% (Braude et al., 1953; Hays, 1977). Highly intensive operations are able to manage
elevated production with less labor and capital because of the use of subtherapeutic
antibiotics (Hurt et al., 1992). Wade and Barkley (1992), estimated that the use of
subtherapeutic drugs saved the United States swine industry approximately $2 billion per
year in production costs; which translates to consumers saving approximately $0.04 per
pound of pork.
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Antibiotics produce a much greater growth response in young pigs (Hays, 1977)
with the response declining as animals mature (Hays, 1986). Factors other than age that
may affect an animal’s response to antibiotics are the animals’ genetic predisposition
(Stahly, 1996), the status of the pig’s immune system (van den Broek, 1993), and the type
and duration of antibiotics used (Fagerberg and Quarles, 1979). Antibiotic agents that
are widely distributed in the body and have a broad spectrum of antibacterial activity
produce a greater growth response (Visek, 1978). Responses may also vary with the type
of carbohydrates in the diet (Stokstad et al., 1953) and changes in the diet (Schaedler and
Dubos, 1959).
Antimicrobial Mechanisms of Antibiotics
The antimicrobial actions of antibiotics are diverse and involve various cellular
functions and structures. Most antibiotics operate by inhibiting an important function
that is necessary for survival and replication of the bacterial cell (Bryan, 1982).
Antibiotic substances presently used in animal production fall into two broad groupings:
broad and narrow spectrum antibiotics (Hays, 1986; Kucers et al., 1997). Broad–
spectrum antibiotics such as β-lactams prevent proper formation of the bacteria cell wall,
making them generally effective in killing a wide range of bacteria. Narrow-spectrum
drugs are usually highly selective by targeting biochemical pathways specific to a
particular species of bacteria (NRC, 1999; Merck Veterinary Manual, 1986). Antibiotic
action against bacteria varies among drug groups. Bactericidal drugs kill invading
organisms (Merck Veterinary Manual, 1986; Kucers et al., 1997). Bacteriostatic drugs
prevent the growth of organisms but do not kill them directly (NRC, 1999). There are
chemotherapeutic drugs such as carbadox that have both anti-infective and antimicrobial
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properties. Carbadox is not an antibiotic, but is a member of a family of synthetic
organic compounds classified as quinoxaline-di-N-oxides (Quinolones). Quinolones are
broad-spectrum antimicrobials that act against both gram positive and negative bacteria
by inhibiting the synthesis of DNA gyrase and topoisomerase enzymes that are necessary
for bacteria reproduction. Antibiotics are also classified as to how they are absorbed and
their mode of action against microorganisms. Systemic antibiotics are absorbed in the
intestines in large amounts while nonsystemic antibiotics are not absorbed in significant
amounts.
Antibiotic Mechanisms for Growth Promotion
It was initially thought that increased growth rates were the result of the
antibiotics counteracting the disease process. Recent advances in scientific research have
resulted in several, more detailed, theories explaining the growth promoting properties of
sub-therapeutic levels of antibiotics. Sub-therapeutic levels of antibiotics have been
shown to suppress microbial growth in the intestinal tract and reduce the immunological
stresses (Visek, 1978). Subtherapeutic concentrations of antibiotics can increase specific
immunological responses of the host to the invading bacteria (Easmon and Desmond,
1982; Veringa and Verhoef, 1985; Hard et al., 1989). Roura et al. (1992) postulated that
antibiotics lead to a reduction of immunological stress by lowering circulating levels of
cytokines that mediate responses to infection, thus allowing for greater growth and
performance.
Some believe that the above are most likely due to the action of the antibiotics on
some component of normal bacteria (Novick, 1981). Antibiotics may affect direct
biochemical events such as decreased nitrogen excretion (Roth and Kirchgessner, 1993),
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efficiency of phosphorylation reactions in cells, and direct effects on protein synthesis
(Vervaeke et al., 1979). They may also have direct effects on metabolism, including the
generation of essential vitamins and cofactors by intestinal microbes. The exact
mechanisms by which antibiotics help to improve growth and performance are still
largely unknown (Gustafson and Bowen, 1997).
Effects of Digesta Flow and Feed Intake
Antibiotics were also proposed to reduce the amount of bacteria in the
gastrointestinal tract by increasing feed intake. Research by Yen and Pond (1984 and
1987) showed higher feed intake of pigs fed Carbadox compared to those on diets with
no antibiotics. Taylor (1957) observed an increase in feed intake with antibiotic
supplementation and associated it with faster growth rate. The increased flow rate may
make it more difficult for bacteria to adhere and colonize by reducing the amount of
exposure time in the intestines. Decreasing exposure time in the intestines would in turn
potentially decrease the amount of toxins produced and their availability to the intestinal
cells. Increased flow may also affect the pH by increasing the amounts of gastric fluids
entering the small intestine resulting in a more acidic environment that is less desirable
for pathogenic bacteria such as E. coli (Mathew, 1991).
Intestinal Mass and Absorption
Germ free and conventional animals were compared in several studies indicating
differences in intestinal weights between the two groups. Braude et al. (1955) observed a
significant reduction in the weight of the small intestines as a result of feeding
chlortetracycline compared to animals fed conventional diets without antibiotics,
indicating that animals fed antibiotics share similar characteristics to germ free animals.
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The reduction in small intestine mass was also observed in studies conducted by Yen et
al. (1993) when pigs were fed sub-therapeutic levels of antibiotics. Yen concluded that
the small intestinal mass might have been a result of suppressed production of ammonia
in the gut. This conclusion was based on his earlier findings that carbadox reduces net
absorption of ammonia into the hepatic portal vein in pigs along with the results of
Topping and Visek (1977) that ammonia produced in the intestine increases the weight of
intestinal mucosal cells in rats. Yen et al. (1985) observed a lower weight of the small
intestine of pigs fed carbadox and hypothesized that this reflects a partitioning of
metabolizable calories of the carbadox-fed pigs from maintenance of the gastrointestinal
tract tissue to total body growth.
Antibiotics reducing the thickness of the intestinal wall are also proposed to result
in an enhanced efficiency of nutrient absorption. Eyssen and De Somer (1963) proposed
that antibiotics enhanced feed utilization and had a sparing action on vitamins, mineral
and proteins through antimicrobial effects on Gram-positive bacteria in the intestines.
This was based on their findings that in antibiotic free animals these microorganisms
could provoke a polymalabsorption syndrome including not only vitamins and minerals,
but also proteins, fats, and carbohydrates. This research is supported by Moser et at.
(1980), who demonstrated improved protein utilization in a low protein diet in the
presence of carbadox. There are conflicting results as to whether antibiotics increase
nitrogen retention and digestibility. In 1976, Yen et al. concluded that carbadox did not
significantly affect apparent nitrogen digestibility or apparent energy digestion. They,
however, did mention an apparent trend toward more efficient digestion when the diet
contained 55 mg/kg carbadox. Studies conducted by Roof and Mahan (1982) resulted in
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both increased growth weight and nitrogen retention when carbadox was added to the
diet.
Antibiotic Resistance
Antibiotic resistance is the ability of bacteria, which are normally inhibited by a
particular antibiotic, to survive exposure to that antibiotic. Development of drug resistant
strains of bacteria was noted in human medicine when strains of bacteria became
penicillin resistant (Smith, 1971). Similar resistances occurred following the introduction
of other drugs such as streptomycin and the tetracyclines, eventually resulting in the
emergence of multiple-resistant strains. This trend also became apparent in veterinary
medicine with the broad use of penicillin to treat animal disease. After decades of using
antimicrobial agents in animal feeds as growth promoters, there is an even higher
percentage of resistant bacteria (Kiser, 1976).
Mechanisms of Resistance
Bacteria can develop resistance to antibiotics through several mechanisms
(Davies and Webb, 1998; Hickey and Nelson, 1997; O’Grady et al., 1997). The
antibiotic target can be altered and protect the bacteria from the drug by removing its
substrate. Bacteria can develop the enzymatic capability to degrade the antibiotic,
develop a mechanism to pump it out of the cell or develop an altered uptake system that
prevents the entry of the antibiotic (Paulsen et al., 1996). Cells can also lose their ability
to metabolize the antibiotic into the actual inhibitory compound. In some cases,
compensatory mutations are linked to antibiotic resistant genes.
Bacterial resistance to antibiotics can be either intrinsic or acquired (Murray and
Hodel-Christian, 1991). Acquired resistance can occur by mutations developing in
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existing bacterial DNA or the acquisition of new DNA that confers resistance. Mutations
that can occur in existing DNA and cause resistance include deletions, insertions, or
substitutions of nucleotides within the DNA sequence (Murray and Hodel-Christian,
1991). Resistance that occurs through the acquisition of new, foreign DNA is considered
the most common. Acquisition of new DNA can occur by transformation, transduction,
or conjugation. Transformation involves cells taking up free DNA directly from their
environment and transduction involves the transfer of DNA from one cell to another via
bacteriophages. Conjugation involves the transfer of DNA from one cell to another by
way of plasmids and direct cell-to cell-contact (Snyder and Champness, 1997). Efflux
genes associated with Gram-negative bacteria such as E.coli are widely distributed and
are usually associated with conjugative plasmids (Chopra and Roberts, 2001).
Plasmids are autonomously replicating, extrachromosomal elements of DNA that
can code for many different traits, including antibiotic resistance, carbohydrate
fermentation, toxins, and adhesive factors. Gram-negative bacteria contain plasmids that
encode for a sex pilus, which allows them to transfer plasmids from cell to cell (Murray
and Hodel-Christian, 1991). DNA information encoded on plasmids is often a
determinant of antibiotic resistance (Son et al., 1997). This is one way that genes
encoding for antibiotic resistance can be transferred from one cell to the next. Resistance
to multiple agents is often encoded on a single plasmid, allowing bacteria to accumulate
resistance elements by which they become multi-drug resistant (Murray, 1994).
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Patterns of Resistance
Langlois et al. (1983) removed all therapeutic and sub-therapeutic use of
antibiotics from swine herds in an attempt to monitor resistance levels. After complete
removal they observed a 20% reduction in streptomycin resistant bacteria and less than a
50% reduction in tetracycline resistance. Dawson et at. (1984) observed that
administering chlortetracycline in pig diets at therapeutic and sub-therapeutic levels
markedly increased the percentages of resistant bacteria. Pigs that had not received
antibiotics for as long as 8 years still exhibited resistance, although in smaller numbers
than pigs that had received antibiotics. Linton (1978) compared the gut flora of a pig
given oral tetracycline to that of another pig that was not treated and was housed
separately. He concluded from this study that feeding tetracycline profoundly affected
the proportion of antibiotic sensitive and resistant E.coli. He also concluded that feeding
antibiotic actually resulted in the selection of bacteria with specific serotypes that were
more persistent in colonization resulting in a higher incidence of antibiotic resistant
bacteria. Siegel et al. (1974) measured the amount of resistant bacteria from two separate
farms in different regions. One farm was located in Illinois and was continually fed
rations containing various antibiotics, while the other farm was located in Montana and
had minimal exposure to antibacterial drugs. E.coli samples from the Montana farm
showed little or no resistance, while the majority of isolates from the Illinois farm were
resistant to various antibacterial drugs. Similar results were seen by Dawson et al. (1983)
in studies comparing the level of resistant bacteria in pigs fed diets with and without
chlortetracycline as well as studies conducted by Mathew et al. (2001) comparing swine
herds in which antibiotics were used or excluded in the diets.
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Affects of Feeding Regimens
Another study by Mathew et al. (2002) examined the effects of different antibiotic
regimens on resistant levels of bacteria. Regimens included antibiotic at maximum label
use, a rotation of similar and non-similar antibiotics, an increasing gradient of doses, and
pulse dosing for a period of 2 weeks post challenge. Results indicated that E.coli from
the pulse-dosed pigs had lower levels of resistance when compared to the other
treatments. By pulse dosing, the total amount of antibiotic fed is essentially decreased by
half and appears to affect the amount of resistant bacteria despite the fact that the same
concentrations and type of antibiotic were fed.
Increasing Resistance
There is a growing public concern that the subtherapeutic use of antibiotics in
production livestock, as well as in dog and cat food, is a major causative factor in the
level of antibiotic resistance. E.coli in pigs have often been found to be resistant to
antibiotics (Linton et al., 1975). The widespread practice of using sub-therapeutic levels
of antibiotics facilitates transfer of resistance from bacterium to bacterium (Anderson et
al., 1973). Resistant E. coli may persist in the majority of fecal flora in pigs even in the
absence of any antibiotic selection (Hartley and Richmond, 1975; Linton et al., 1978; and
Petrocheilou et al., 1976 and 1977). There are many different interactions between
bacteria and antibiotics, which can increase the number of environmental pathways that
promote or perpetuate resistance, even in the absence of the direct use of therapeutics.
This leads to the concern that humans in constant contact with animals may acquire the
resistant bacteria and spread them among the human population. A study conducted by
Levy et al. (1976) compared bacteria from farm animals and a farm family. In that study,
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chickens were fed feed containing tetracycline and after six months, the E.coli excreted
from the family were mostly tetracycline resistant. The resistant bacteria occurred in the
humans even though none were taking tetracycline, leading to the assumption that
animals are not only carriers but also vectors for the resistant bacteria. Ryan et al. (1987)
reported that resistant bacteria were found to spread and colonize in people through
animal products such as meat and milk.
Alternatives to Antibiotics
The use of sub-therapeutic levels of antibiotics in agriculture has caused concern
from the public in regards to the increasing prevalence of resistant bacteria, the crossover
of resistant bacteria from animals to humans, and the development of multi-drug resistant
bacteria. The increased prevalence of bacteria that are resistant to antibiotics has resulted
in a search for non-antibiotic alternatives that produce similar growth benefits.
Probiotics
Probiotics are generally referred to as a live culture of microorganisms that exerts
a beneficial effect on the host by improving the indigenous microbial balance (Fuller,
1989; Turner et al., 2001). These products are usually referred to as “natural”
alternatives to antibiotics and must be viable, host specific, capable of growing in the
intestinal tract and capable of competing with existing gut microflora (Cheek, 1999).
Most commercial probiotics preparations include one or multiple species of lactobacilli
and bifidobacteria (Mavromichalis and Perdok, 2002). Several different types of
probiotics exhibit growth-promoting properties, presumably by different mechanisms or
combinations of mechanisms (Pollmann et al., 1980). However, the exact mode of action
that probiotics use to exert their positive influence is unclear (Turner et al., 2001).
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Lactobacilli have been shown to produce VFA in the intestinal tract that lower the
pH and suppress the growth of pathogenic bacteria (Gabert, 1994; Hutcheson, 1994).
Kornegay and Risley (1996) compared the effects of diets with or without two similar
commercial Bacillus products in finishing pig diets and observed one of the two products
to increase the number of fecal Bacillus spore counts. They did not observe a consistent
effect on the number of coliforms or lactic acid bacteria and there were no indications of
improvements in digestibility of dry matter, nitrogen, or fibrous components when either
Bacillus product was included in the finisher diet. Blomberg et al. (1993) investigated
the effect of Lactobacillus spp. of porcine origin on the adhesion of K88 fimbria of
E.coli. The lactobacilli of porcine origin reduced adhesion of E.coli K88 by
approximately 50% and Blomberg et al. (1993) concluded the lactobacilli interacts with
mucus components to prevent adhesion of K88 fimbria to the ileal mucus.
Yeast Cultures
Yeasts are also used as probiotics to improve animal performance. Yeast culture
refers to a dry product containing yeast and the media on which it is grown, dried to
preserve the fermentative capacity of the yeast, with Saccharomyces cerevisiae and
Aspergillus oryzae being the main species used (Cheeke, 1999). Saccharomyces
cerevisiae yeast culture supplements, which are known to be rich sources of enzymes,
vitamins, and other nutrients and important co-factors, have been reported to produce a
variety of beneficial production responses (Dawson, 1993). A study of 3-week grower
phase pigs, (Kornegay et al. 1994) observed an improved ADG with Saccharomyces
cerevisiae yeast culture additions to the diet. Mathew et al., (1998) observed higher total
intake and gains that tended to be greater for pigs fed diets including Saccharomyces
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cerevisiae yeast cultures. Bowman and Veum (1973) studied the effects of
supplementing diets for grow-finish pigs with dormantized Saccharomyces cerevisiae
yeast culture on performance carcass characteristics. The yeast culture had no significant
effects on average daily gain, feed consumption, gain/feed or carcass characteristics when
protein was 16% of the diet. Significantly greater gain/feed was observed when protein
was increased to 18% of the diet. Newbold et al. (1996) observed that aqueous extracts
prepared from Saccharomyces cerevisiae stimulated the growth and activity of the lactic
acid-utilizing rumen bacterium.
Prebiotics
Prebiotics are non-digestible yet fermentable sugars that may promote
proliferation of beneficial bacterial populations, such as lactobacilli, with mannan-,
galacto-, and fructo-oligosaccharides being among the most popular (Mavromichalis and
Perdok, 2002). Oligosaccharides are short chains or sugars linked together that include
fructooligosaccharides (FOS), mannanoligosaccharides (MOS), and
galactooligosaccharides (GOS), which are short polymers of fructose, mannose, and
galactose, respectively (Cheeke, 1999). Oligosaccharides are resistant to digestion by
mammalian α-amylase, sucrase, and maltase in the upper gastrointestinal tract but can be
fermented and utilized by microorganisms (Allen et al., 1997; Roberfroid, 2000). Allen
et al. (1997) theorized that the oligosaccharides could reach the lower part of the intestine
without being hydrolyzed by digestive enzymes and once in the lower intestine, serve as
a fermentable substrate for the growth of beneficial organisms such as lactic acid bacteria
and Bifidobacterium spp..
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Orban et al. (1997) found no improvement in growth performance of growing
pigs with the addition of a sucrose thermal oligosaccharide caramel produced by thermal
treatment of amorphous anhydrous acidified sucrose, yielding a complex mixture
containing fructose-rich oligosaccharides and di-fructose di-anhydrides. These
experiments however, also failed to show increased performance with the addition of
apramycin. Howard et al. (1993) showed that feeding fructo-oligosaccharides increased
cell proliferation in the pig intestine, while Roberfroid (1993) found that these products
increased the weights of the mucosa even in the absence of disease. Kerley and Allee
(2001) fed neonatal pigs nutritionally complete milk replacer with or without FOS for ten
days and administered a dose of pathogenic E.coli on day 7. They observed that pigs on
the diet without FOS had ten fold lower bifidobacteria populations and ten fold higher
E.coli populations compared to pigs on diets including FOS. Pigs that did not receive
FOS had a higher morbidity of 7 out of 8 compared to 1 out of 8 of pigs receiving FOS.
This study also demonstrated that feeding FOS increased the villous height of the
proximal duodenum in pigs. Kerley and Allee (2001) observed an improved growth
performance when FOS was included in pig diets for four weeks postweaning. This trial
also showed that when FOS and antibiotics were both included in the diet they acted in an
additive fashion and led to the hypothesis that FOS had similar growth promoting effects
as the antibiotic. Flamm et al. (2001) observed that none of the fructose molecules that
form oligofructose appeared in the portal blood but were fermented by the microflora of
the colon and led to selective stimulation of the growth of the bifidobacteria population.
Savage and Zakrzewska (1995) observed an increase in body weight gain and an
improved feed conversion when a mannanoligosaccharide (MOS) was included in poult
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diets. They suggested that an oligosaccharide from the Saccharomyces cerevisiae yeast
cell might possess a growth-stimulating factor. Savage et al. (1997) determined that
when poult diets were supplemented with MOS, goblet cell numbers increased and villus
width along with crypt depth was consistently reduced. These results suggested that
MOS effects on bird performance occurred in conjunction with changes in the intestinal
morphology of the bird. Spring et al. (2000) tested the hypothesis that MOS from
Saccharomyces cerevisiae cell walls were able to decrease the concentrations of enteric
pathogens that express Type I fimbria in poultry. He observed a decrease in cecal
salmonella colonization when MOS was included in chick diets. The decreases in
salmonella concentrations were not accompanied by changes in the cecal parameters such
as decreases in pH or increases in propionic acid concentrations and it was suggested that
other modes of action were responsible for the decreased salmonella concentrations with
dietary MOS. Pettigrew (2000) reviewed the literature on MOS’s effects on pig
performance and concluded that available data strongly suggests that adding MOS to the
diet of weanling pigs improves their performance. He also summarized that there is
experimental support for the use of MOS to improve the health and performance of
nursing pigs under a disease challenge.
Oligosaccharides may also improve growth performance by stimulating the
immune system (Lessard and Brisson, 1987). Cotter (1997) observed improved
secondary and tertiary humoral immune responses in birds fed a mannanoligosaccharide
during bacterial challenges. Savage et al. (1996) observed an increase in
immunoglobulin production of both circulatory (plasma) IgG and bile IgA levels from
turkeys fed diets including MOS. Swanson (2001) concluded that MOS tended to affect
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microbial populations and immune characteristics when included in canine diets. MOS
beneficially affected colonic microbial populations by increasing lactobacilli and
decreasing total aerobe populations. Dogs supplemented with MOS also tended to have
increased lymphocyte percent and serum IgA concentrations. Dogs supplemented with
both FOS + MOS had increased ileal secretory IgA concentrations. The mechanism by
which oligosaccharides enhance immunity is not fully understood but it is suggested that
they prepare the immune defenses to respond more quickly and more forcefully to
invading pathogens (Cotter, 1997). This would result in higher levels of lymphocytes
and immunoglobulins being produced during a challenge and is supported by Lilbrun et
al. (2000) who observed an increased response to vaccinations when provided in
conjunction with feeding mannanoligosaccharides.
Objectives of This Research
To fully understand how oligosaccharides enhance gut health and improve
performance, further studies are needed to adequately characterize the mode of action by
which they alter the gastrointestinal environment in pigs. The objectives of this study
were to evaluate the growth response and changes in the intestinal environment and
microbial populations of weanling pigs fed diets containing either MOS, carbadox, or a
rotation of MOS and carbadox. This will allow for further examination of the possible
modes of actions by which mannanoligosaccharides enhance performance and alter
gastrointestinal environments and will aid in determining their potential for replacing
subtherapeutic levels of antibiotics as growth promoters in swine diets.
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II. EXPERIMENT ONE
Materials and Methods
Experimental Design
Sires and dams of similar genetic backgrounds were selected for all three
replicates of the trial. Antibiotics were completely removed from sow diets upon entering
the farrowing house and piglets were not provided with creep feed. Crossbred (Yorkshire
X Landrace X Duroc) pigs were weaned at approximately 21 days of age and balanced by
gender, genetics, and weight. Pigs were vaccinated with 3 ml of PleuroGuard 4 and 2
ml of RespiSure (Pfizer, Inc.) and moved to the Johnson Animal Research Teaching
Unit located at the Tennessee Agricultural Experiment Station in Knoxville, TN. Each
group of pigs was assigned to one of four identical nursery rooms with one pen per room
and were randomly assigned to one of four treatments (Table 1). Treatment dietary
compositions are listed in Table 2.
Pigs were allowed ad libitum access to feed and water for 6 days and then feed
was removed 24 hours prior to cannulation surgery. Once the pigs had fully recovered
from the effects of the anesthesia, they were returned to ad libitum access to feed and
water. Pigs within each treatment were maintained in groups in 4’ X 4’ nursery pens and
environmental conditions similar to those commonly found in modern nurseries.
Temperatures were maintained at 29°C for the first week post surgery and then stepped
down in weekly intervals to a final temperature of 23°C. Artificial lighting was provided
by fluorescent fixtures and remained on continuously 24 hours a day for the duration of
the trial. Environmental and waste removal systems were separate for each room to
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Table 1: Experiment one treatments applied to pig groups.
Treatment

Description

Control (CT)

Control diet formulated at or above 1998 NRC recommendations
fed ad libitum for 35 days

Antibiotic (AB)

Similar to Control treatment except containing 55 mg
carbadox/kg fed ad libitum for 35 days

MOS (BM)

Similar to Control treatment, except containing 0.2%
mannanoligosaccharide fed ad libitum for 35 days

Rotation (RT)

Antibiotic treatment fed for 21 days and then switched to the
MOS treatment for 14 days
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Table 2. Experiment one percentage composition of treatment diets.
Treatment
Ingredient

Antibiotic

MOS

Control

Corn

41.495

42.295

42.495

Soybean meal

22.350

22.350

22.350

Dried whey

20.000

20.000

20.000

Fish meal

5.000

5.000

5.000

AP 920 (Plasma)

5.000

5.000

5.000

Liquid Energy (Fat)

4.000

4.000

4.000

Limestone

0.900

0.900

0.900

Dicalcium Phosphate

0.050

0.050

0.050

Vitamin/mineral premixa

0.135

0.135

0.135

Lysine 98%

0.050

0.050

0.050

Choline 60

0.020

0.020

0.020

Mecadox 2b

1.000

0.000

0.000

0.000
0.200
0.000
Bio-Mos c
a
Provided to the final feed: Cu, 11.25 ppm; salt, 0.31 kg/100kg; Zn, 153.75 ppm; Fe,
127.50 ppm; Mn, 35.74 ppm; Ca, 851 mg/kg; I, 0.75 ppm; Se, 0.30 ppm; Vit. A, 1500
IU/kg; Menadione (sodium bisulfate form), 1.09 mg/kg; Vit. B12, 16.2 mcg/l; Vit. D,
190.9 IU/kg; Vit. E, 10.91 IU/kg; Riboflavin, 1.82 mg/kg; d-Pantothenic Acid, 4.73
mg/kg; Niacin, 8.2 mg/kg.
b
Provided 55 g/ton of carbadox per ton of feed.
c
Provided 1.82 kg of mannanoligosaccharide per ton of feed.
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reduce the risk of cross contamination of bacteria. Treatment diets were mixed and
delivered separately beginning with the control diet and ending with the treatment
containing antibiotics. The treatment diets were kept separate and stored in closed
containers in the respective treatment rooms. Rooms were accessed in the order of
control, followed by MOS, then rotation, and finally antibiotic treatment. Disposable
biohazard suits (Fisher, Suwannee, GA), gloves (Diamond Grip Microflex, Reno, NV),
and disposable boots (Nasco, Ft. Atkinson, WI) were worn and changed between each
room to decrease the risk of cross contamination. The disposable boots were also
disinfected between rooms by a footbath containing Nolvasan solution and water.
Surgical Procedure
In three replicate trials, twelve 28-day old weanling pigs were surgically fitted
with T-cannulas in the terminal ileum, in compliance with the University of Tennessee
Office of Laboratory Animal Care guidelines. The cannulas were constructed at Purdue
University Mechanical Engineering Department (West Lafayette, IN) from Delrin 600
plastic and were similar in design to those described by Walker et al. (1986).
Pigs were fasted for 24 hours and then moved to the surgical preparation room
where they were pre-anesthetized by intramuscular injection of 1 ml (100 mg) of
ketamine hydrochloride (Ketaset, Fort Dodge Laboratories, Fort Dodge, IA) plus 0.1 ml
(1 mg) acepromazine malate and 0.3 ml (3mg) of atropine sulfate (Butler Company,
Columbus, OH). Once immobilized, the left flank of the pig was prepared for surgery by
shaving and cleansing the area with three betadine and alcohol scrubs. Halothane
(Fluotane, Fort Dodge Laboratories) anesthetic gas was delivered by non-rebreathing
delivery system using a cone mask. The Halothane gas was initially delivered at a 2%
41

level and a flow rate of 1.5 1/min of O2 until the proper plane of anesthesia was reached.
Once the proper plane of anesthesia was reached, a three cm dorsoventral incision,
approximately 2 cm posterior to the last rib, was made using a number 3 scalpel handle
with a number 10 scalpel blade. A laparotomy was performed to locate the distal end of
the cecum and the mesenteric attachment of the ileo-cecal junction. The terminal section
of the ileum was exorcised and placed on 4X4 sterile gauze that had been soaked in
sterile saline to prevent exorcised tissue from drying out during the surgical procedure. A
purse string suture was placed in the muscularis layer on the anti mesenteric surface of
the ileum approximately 4 cm anterior to the ileo-cecal junction using 3-0 PDS II
monofilament suture with a Taper RB-1 needle (Ethicon, Somerville, NJ). A 1 cm
incision was made into the ileal lumen between the stitches of the purse string suture.
The base of the cannula was inserted into the ileal lumen through the incision and the
purse string suture was drawn up to secure the intestinal wall to the cannula. The purse
string suture was tied using a surgeon’s knot followed by a minimum of two square
knots.
A hole was cut into the body wall approximately 1 cm in diameter and 1.5 cm
dorsal to the incision using a brass cork borer. The stem of the cannula was retrieved
through this hole by securing the stem with Allis forceps and pulling it through without
twisting the intestines. A washer was threaded onto the exposed stem of the cannula in
order to secure the intestine and muscle layers to the body wall to prevent further twisting
of the intestines. The washer was rounded upward on the bottom side and only secured
firmly enough to draw in the intestine and to prevent excess pressure on the skin and
muscle. A cap was then secured over the cannula opening to prevent digesta leakage.
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The incision was closed using 1-0 PDS II monofilament suture with a Taper TP-1
needle (Ethicon) in a simple continuous pattern for the peritoneum and muscle layers. A
separate skin closure was performed using 3-0 PDS II monofilament with a Taper RB-1
needle (Ethicon) in a continuous subcuticular pattern. All sutures were secured with a
surgeon’s knot and a minimum of two square knots.
Halothane was discontinued at the conclusion of the surgery. Antibiotic ointment
was applied to the skin surface in the incision area and surrounding the cannula stem.
Sterile 4X4 gauze pads were placed over the incision area and then the area was wrapped
with 2-inch cling gauze and 3 inch Elasticon tape (Johnson and Johnson, New
Brunswick, NJ) in order to protect the incision and cannula. Pigs were placed in the
recovery room and observed until fully recovered from the effects of the anesthesia, at
which time they were returned to their appropriate pens in the JARTU research center
and allowed access to treatment diets and water. They were observed daily and bandages
were changed as needed for 7 days.
Sample Collection and Analysis
Pigs were weaned at approximately 21 days of age on day 0, cannulated on day 7
and ileal digesta samples were collected on days 14, 21, 28, and 35 of the trial. Samples
were collected by attaching a balloon to the open end of the cannula with a separate
washer. Balloons remained in place until sufficient digesta had been collected and then
digest was transferred to sterile centrifuge tubes, capped and immediately placed on ice to
minimize further bacterial proliferation and fermentation. Samples were then transported
to the laboratory for determination of pH and dry matter and preparation for bacterial and
short chain fatty acid analysis. Sample pH was determined using a Corning #345 pH
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meter (Corning, New York, NY) with a high performance glass electrode (cat. # 476390).
Dry matter was determined by drying a pre-weighed amount of digesta at 100°C for 24
hours and comparing pre-dried weight to post-dried weight.
Microbial Analysis
Digesta was prepared for bacterial analysis by adding 1 g of sample to 9 ml of
PBS and mixing vigorously. Ten-fold serial dilutions were made using the PBS as a
diluent. One hundred microliters of each dilution were spread in duplicate, onto Petri
dishes, containing growth media specific for each bacterial type. Total E. coli were
determined by visually enumerating individual colony growth on lactose MacConkey
agar (Difco, Sparks, MD) after incubation for 24 hours at 37°C. Escherichia coli were
confirmed by subjecting 10 random typical colonies to biochemical analysis (API 20E,
BioMerieux Vitek, Syosset, NY). Total streptococci were determined by visually
enumerating individual colony growth on Streptosel agar (Becton Dickinson,
Cockeysville, MD) after incubation for 24 hours at 37°C. Total aerobes were determined
by visually enumerating colony growth on BHI agar (Difco, Sparks, MD) following 48
hours incubation at 37°C.
One gram of digesta sample was immediately weighed and added to 9 ml of PBS
upon arrival at the laboratory for anaerobic analysis. Tubes containing the digesta and
PBS mixture were moved directly to the anaerobic chamber containing a gas mixture of
5%/5% balanced carbon dioxide/hydrogen and compressed nitrogen (National Specialty
Gases, Durham, NC), to reduce exposure to oxygen and maintain anaerobosis of the
samples. Rogosa agar plates were sealed in plastic and placed in the anaerobic chamber
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approximately 12 hours prior to the sampling period. CDC blood agar plates were sealed
in plastic, refrigerated to prevent contamination and were moved to the anaerobic
chamber approximately 1 hours prior to inoculation. Total lactobacilli were determined
by incubating 100 µl aliquots on solid Rogosa agar (Difco, Sparks, MD) in the anaerobic
chamber for 48 hours at 37°C. After the incubation period, the total numbers of
individual colonies were visually enumerated. Total anaerobes were determined by
visual enumeration after anaerobic incubation on CDC blood agar (BBL, Becton
Dickerson Microbiology Systems, Sparks, MD) for 24 hours at 37°C.
Minimum Inhibitory Concentration Analysis (MIC)
Once the E. coli colonies had been enumerated, 10 individual colonies from each
sample were selected and tested for sensitivity to carbadox. Colonies were picked from
the surface of the MacConkey agar using a wire 4-mm loop and placed into sterile 16 x
120 mm glass test tubes (Fisher Scientific) containing 5 ml of Mueller Hinton II Broth
(BBL, Becton Dickerson Microbiology Systems, Sparks, MD). Tubes were positioned
in a shaking water bath at a temperature of 37°C where they were maintained until cell
concentrations were determined, by colorimeter (BioMerieux Vitex, Inc, Hazelwood,
MO) to be at 0.5 McFarland standard turbidity level (approximately 108 CFU/ml)
(NCCLS, 1997). Upon reaching the appropriate density, 25.3µl of the cell culture was
added to 2.5 ml of a 1:10 dilution of Mueller Hinton II Broth (BBL) and sterile water.
Fifty microliters of the Mueller Hinton II Broth (BBL) and bacteria mixture was added to
a 96-well microtiter plate for analysis. The final bacterial concentrations were
approximately 5 x 105 CFU/ml (NCCLS, 1997).
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Microtiter plates contained eight columns and twelve rows, with the eighth
column reserved for the control bacterial strain (ATCC 215922 E.coli, USDA, Ames,
Iowa). The microtiter plates were pre-manufactured (Trek Diagnostic Systems, Inc.
Westlake, OH) to have two fold serial dilutions from 0.015 to 16 µg/ml of carbadox in
each of the first seven columns. The eighth column contained no antibiotic and served as
a control to test for viable bacteria. Plates were freeze-dried and sealed for shipping and
all wells were initially filled with 50µl of Mueller Hinton II Broth (BBL) for
reconstitution. Once the bacterial concentrations were added, the microtiter plates were
wrapped with Para film and incubated at 37°C for 18-24 hours before interpreting.
Growth was interpreted by turbidity or as a deposit of cells at the bottom of the well and
the MIC was recorded as the lowest concentration of antibiotic that inhibited visual
growth. Isolates that exhibited growth past the maximum 16µg/ml well were re-grown
on MacConkey agar and processed in the previous manner. Bacterial concentrations
were then transferred to similar plates containing two fold serial dilutions from 0 to 128
µg/ml of carbadox and were processed and interpreted by the same method.
Short-Chain Fatty Acid Analysis
Volatile fatty acid concentrations were determined using a gas chromatographic
method adapted from Playne (1985). Approximately 10 g of intestinal content was
centrifuged at 15,000 x g at 4°C for 15 minutes in a Beckman, model J2-HS centrifuge
with a JA-20.1 rotor (Beckman Instruments). One and one-half milliliters of supernatant
were mixed with 300 µl of 25% metaphosphoric acid (H3PO4) (5:1 ratio) and incubated at
room temperature for 30 minutes. Following centrifugation to remove the precipitate,
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1µl of sample was injected into a Hewlett Packard model 5890 gas chromatograph
(Hewlett Packard, Avondale, PA) with an HP-FFaP 10-m x 0.53-mm x 1µm capillary
column packed with cross linked polyethylene glycol-TPA. A flame ionization detector
was used with an oven temperature of 200°C and a detector temperature of 250°C for
determination of acetate, propionate, butyrate, isobutyrate, valerate, and isovalerate
concentrations.
Collection of Gastrointestinal Contents and Tissues
On day 35 of the trial (56 days of age), pigs were sacrificed by captive bolt
followed by jugular exsanguinations. A midline incision was made and the
gastrointestinal tract was immediately removed for sample collection. Digesta samples
were immediately collected from the duodenum, jejunum, ileum, cecum and spiral colon
into centrifuge tubes and placed on ice. Samples were then transported to the laboratory
for determination of pH and dry matter and preparation for bacterial and short chain fatty
acid analysis as described previously.
Tissue samples were collected in sections of approximately 1-2 inches in length
from the duodenum, jejunum, ileum, cecum and the distal loop of the spiral colon.
Samples were rinsed with sterile saline to remove digesta particles and then flushed and
preserved in 10% buffered formalin. Tissue samples were embedded in paraffin and
cross sections of the intestines were made and stained, using a general staining
combination of hematoxylin and eosin, on slides for histological examination.
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Tissue Analysis
Histological examination of the tissue samples was conducted using the
Metamorph Imaging System (Universal Imaging Corp., Downington, PA) for
determination of villi height and crypt depth. Images were obtained from the duodenum,
jejunum, and ileal samples under 10X magnification and averages in villi height and
crypt depth were calculated using measurements from a minimum of three separate areas.
Images for cecum and colon samples were also obtained under 10X magnification and
crypt depth averages were calculated from a minimum of measurements from three
separate areas. The Metamorph system was calibrated to convert pixels per unit into
microns and this was the unit used for all measurements.
Statistical Analysis
The statistical model consisted of a randomized complete block design, with
sampling, using repeated measures analysis with the individual pig serving as the
experimental unit. Pigs were blocked by replication and individual digesta and tissue
collections were used as the sampling factor while sample collection day was the
repeated factor. Data were analyzed using the Mixed Model Procedure of SAS (SAS
Proc Mixed, 2001). Least squares means were analyzed using least squares difference at
P=0.05 and differences between days were separated using Pdmix procedures. Microbial
concentrations were transformed (Log10) and MIC data were linearized to produce
interpretable statistical analyses.
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Results-Ileal Analyses
pH and Dry Matter
Treatment had no effect on ileal pH (P=0.3060) or dry matter (P=0.3057)
concentrations. However, ileal dry matter was observed to increase (P=0.0007) for all of
the treatment groups through day 28 postweaning (Table 3).
Microflora
Total aerobe concentrations from ileal digesta were not different between
treatments (P=0.5927) and remained similar (P=0.7984) through day 35 postweaning
(Figure 1). Treatment had no effect on total anaerobe concentration (P=0.2448).
However, total anaerobe concentrations for all treatments decreased (P=0.0034) on day
28 and then again on day 35 (Table 4).
No treatment (P=0.8559) or day (P=0.4837) effects were observed for
streptococci concentrations in the ileum (Figure 2). Treatment effects (P=0.0400) were
observed for ileal lactobacilli concentrations where the Antibiotic treatment had the
lowest concentration. The MOS and Rotation treatments were similar and had slightly
higher lactobacilli concentrations compared to the Antibiotic treatment and the Control
treatment had the highest concentration (Table 5). No significant day effects were
observed in the ileal lactobacilli concentrations, however a trend (P=0.0613) was
observed where concentrations decreased from day 14 to day 35 postweaning.
Treatment had no effect on ileal E. coli concentrations (P=0.1312). A day effect
(P=0.0004) was observed where ileal E. coli concentrations significantly decreased on
day 21 and remained similar through day 35 postweaning (Table 6).
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Table 3. Effects of dietary additives on ileal pH and percentage of dry matter in
weanling pigs.a
pH
Percentage of Dry
Days
Matter
Postweaning
Day
Day
AB
BM
RT
Mean
CT AB BM
RT Meanb
CTc
14
6.64 7.22 7.24 6.82
6.98
5.32 8.49 5.86 5.93
6.4B
21
6.80 7.02 6.94 7.09
6.96
5.10 6.68 6.13 7.14 6.26B
28
7.10 7.01 7.25 6.90
7.07
4.49 9.65 7.48 10.9 7.13B
35
6.63 7.05 6.91 6.50
6.77
9.27 14.0 10.1 9.61 10.8A
Trt Mean 6.79 7.08 7.09 6.83
6.05 9.71 7.39 8.4
a
Data represent least squares means from three replicate trials with a total of 12 pigs per
treatment.
b
Day effects, P=0.0007
c
CT=Control treatment, AB=Antibiotic treatment, BM=MOS treatment, RT=Rotation
treatment.
ABCD means with different letters within a row or column differ (P<0.05).
pH SEM=0.13, 0.10and 0.19 for treatment, day and interaction means.
Dry Matter SEM=1.37, 1.14, and 2.08 for treatment, day and interaction means.
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Figure 1: Effects of dietary additives on ileal aerobe concentrations in weanling
pigs. Data are in Log10 cfu/g and represent least squares means from three replicate trials
with a total of 12 pigs per treatment.
No treatment or day effects (P>0.05)
Average SEM=0.7440
CT=Control treatment, AB=Antibiotic treatment, BM=MOS treatment, RT=Rotation
treatment.
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Table 4: Effects of dietary additives on ileal anaerobe concentrations in weanling
pigs.a
Days
Ileal Anaerobe Concentration
Postweaning
Log10 cfu/g
b
CT
AB
BM
RT
Day Meanc
14
6.64
7.22
7.24
6.82
6.98A
21
6.80
7.02
6.94
7.09
6.96A
28
7.10
7.01
7.25
6.90
7.07AB
35
6.63
7.05
6.91
6.50
6.77B
Trt Mean
6.79
7.08
7.09
6.83
a
Data represent least squares means from three replicate trials with a total of 12 pigs per
treatment.
b
CT=Control treatment, AB=Antibiotic treatment, BM=MOS treatment, RT=Rotation
treatment.
c
Day effects, P=0.0034
ABCD means with different letters within a row or column differ (P<0.05).
SEM=0.83 0.71 and 0.86 for treatment, day and interaction means.
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Figure 2: Effects of dietary additives on ileal streptococci concentrations in
weanling pigs. Data are in Log10 cfu/g and represent least squares means from three
replicate trials with a total of 12 pigs per treatment.
No treatment or day effects (P>0.05)
Average SEM=0.77
CT=Control treatment, AB=Antibiotic treatment, BM=MOS treatment, RT=Rotation
treatment.
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Table 5: Effects of dietary additives on ileal lactobacilli concentrations in weanling
pigs.a
Days
Ileal lactobacilli Concentration
Postweaning
Log10 cfu/g
b
CT
AB
BM
RT
Day Mean
14
9.81
9.28
9.79
9.74
9.66
21
9.89
9.08
9.89
9.68
9.64
28
10.08
9.01
9.55
8.38
9.26
35
9.79
7.90
9.19
8.86
8.94
c
Trt Mean
9.89A
8.82B
9.61AB
9.17AB
a
Data represent least squares means from three replicate trials with a total of 12 pigs per
treatment.
b
CT=Control treatment, AB=Antibiotic treatment, BM=MOS treatment, RT=Rotation
treatment.
c
Treatment effects, P=0.04
ABCD means with different letters within a row or column differ (P<0.05).
SEM=3.99, 3.98, and 4.12 for treatment, day and interaction means.
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Table 6: Effects of dietary additives on ileal E.coli concentrations in weanling pigs.a
Days
Ileal E.coli Concentration
Postweaning
Log10 cfu/g
CTb
AB
BM
RT
Day Meanc
14
7.01
7.27
6.42
7.24
6.99A
21
5.91
6.14
6.14
7.43
6.41B
28
5.40
6.03
6.59
6.53
6.14B
35
5.83
5.78
6.49
6.83
6.23B
Trt Mean
6.04
6.31
6.41
7.01
a
Data represent least squares means from three replicate trials with a total of 12 pigs per
treatment.
b
CT=Control treatment, AB=Antibiotic treatment, BM=MOS treatment, RT=Rotation
treatment.
c
Day effects, P=0.0004
ABCD means with different letters within a row or column differ (P<0.05).
SEM=0.53, 0.37, and 0.60 for treatment, day and interaction means.
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Resistance Levels
No treatment (P=0.5432) or day (P=0.4922) effects were observed in the
resistance levels of E. coli to carbadox from the ileal digesta (Figure 3).
Short-Chain Fatty Acids
Treatment effects were observed for ileal butyrate (P=0.0070) and acetate
(P=0.0174) concentrations (Table 7 and 8). Day effects were also observed for ileal
butyrate and acetate (P=0.0001), as well as ileal isovalerate (P=0.0113) concentrations.
Ileal acetate concentrations were highest for the Antibiotic treatment and were
significantly lower for the MOS and Control treatments. The Rotation treatment was
intermediate and not significantly different from any of the other three treatments (Table
7). Ileal butyrate concentrations were significantly higher for the Antibiotic and Rotation
treatments. The MOS and Rotation treatments were similar and had lower concentrations
of butyrate found in the ileum (Table 8). Day effects (P=0.0001) were also observed for
ileal acetate and butyrate concentrations. Ileal acetate significantly increased from day
14 to day 21 postweaning and then gradually increased through day 35 postweaning
(Table 7). Ileal butyrate concentrations increased, though not significantly, from day 14
to day 28 postweaning. Butyrate concentrations did significantly increase on day 35
postweaning (Table 8).
A treatment by day interaction trend (P=0.0594) was noted for ileal butyrate
concentrations (Table 8). The butyrate concentrations for the Antibiotic treatment
steadily increased from day 14 through day 35 postweaning. A similar trend was
observed for ileal butyrate concentrations for the Rotation treatment. The Control
treatment had similar butyrate concentrations on day 14 through day 28 and then doubled
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Figure 3: Effect of dietary additives on resistance levels of E. coli to carbadox in
ileal digesta in weanling pigs. Data represent least squares means from three replicate
trials with a total of 12 pigs per treatment.
No treatment or day effects (P>0.05)
Average SEM=0.4190
CT=Control treatment, AB=Antibiotic treatment, BM=MOS treatment, RT=Rotation
treatment.
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Table 7: Effects of dietary additives on ileal acetate concentrations in weanling
pigs.a
Days
Ileal Acetate Concentration
Postweaning
mmoles/liter
b
CT
AB
BM
RT
Day meand
14
23.53
37.52
27.23
25.18
28.37C
21
32.60
48.52
38.91
32.63
38.17B
28
42.31
48.01
35.46
53.76
44.89AB
35
43.96
56.14
45.42
70.83
54.09A
c
Trt Mean
35.6B
47.55A
36.76B
45.6AB
a
Data represent least squares means from three replicate trials with a total of 12 pigs per
treatment.
b
CT=Control treatment, AB=Antibiotic treatment, BM=MOS treatment, RT=Rotation
treatment.
c
Treatment effects, P=0.0174
d
Day effects, P=0.0001
ABCD means with different letters within a row or column differ (P<0.05).
SEM=3.18, 2.73, and 5.99 for treatment, day and interaction means.
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Table 8: Effects of dietary additives on ileal butyrate concentrations in weanling
pigs.a
Days
Ileal Butyrate Concentration
Postweaning
mmoles/liter
b
CT
AB
BM
RT
Day Meand
14
1.005
0.783
1.009
0.861
0.9145C
21
0.883
1.957
0.657
0.914
1.10BC
28
0.938
2.308
1.037
1.830
1.53B
35
1.571
3.769
1.090
6.425
3.21A
Trt Meanc
1.10B
2.20A
0.948B
2.51A
a
Data represent least squares means from three replicate trials with a total of 12 pigs per
treatment.
b
CT=Control treatment, AB=Antibiotic treatment, BM=MOS treatment, RT=Rotation
treatment.
c
Treatment effects, P=0.0070
d
Day effects, P=0.0001
ABCD means with different letters within a row or column differ (P<0.05).
SEM=0.128, 0.130, and 0.569 for treatment, day and interaction means.
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on day 35 postweaning. The MOS treatment showed a dramatic decrease in ileal butyrate
concentration on day 21 postweaning but by day 28 concentrations had returned to those
observed on day 14 postweaning and remained at this level through day 35 postweaning.
It was also noted that on day 35 postweaning, the ileal butyrate concentrations for the
Antibiotic and Rotation treatments were double compared to the MOS and Control
treatments.
No treatment effects were observed for either ileal isovalerate (P=0.9158) or
isobutyrate (P=0.7733) concentrations. Day effects (P=0.0113) were observed for
isovalerate concentrations where concentrations were similar on days 14 and 21
postweaning and significantly increased on day 28 postweaning (Table 9). Ileal
isovalerate concentrations decreased on day 35 postweaning when compared to those
observed for days 14 and 21 postweaning (Table 9). No day effects (P=0.0941) were
observed for ileal isobutyrate concentrations (Figure 4).
No treatment (P=0.0760) or day (P=0.2216) effects were observed for ileal
valerate concentrations (Figure 5). No treatment (P=0.4723) or day (P=0.5519) effects
were observed for ileal propionate concentrations (Figure 6).

Results-Gastrointestinal Locations
pH and Dry Matter
Treatment effects (P=0.0017) and site effects (P=0.0001) were observed for pH
concentrations in the various gastrointestinal locations. The Antibiotic treatment was
observed to have the highest pH, the MOS and Rotation treatments slightly lower, and the

60

Table 9: Effects of dietary additives on ileal isovalerate concentrations in weanling
pigs.a
Days
Ileal Isovalerate Concentration
Postweaning
mmoles/liter
b
CT
AB
BM
RT
Day Meanc
14
0.336
0.433
0.234
0.346
0.337B
21
0.490
0.467
0.511
0.297
0.441B
28
0.655
0.499
0.549
0.735
0.610A
35
0.285
0.404
0.666
0.520
0.469AB
Trt Mean
0.442
0.451
0.490
0.475
a
Data represent least squares means from three replicate trials with a total of 12 pigs per
treatment.
b
CT=Control treatment, AB=Antibiotic treatment, BM=MOS treatment, RT=Rotation
treatment.
c
Day effects, P=0.0113
ABCD means with different letters within a row or column differ (P<0.05).
SEM=0.107, 0.110, and 0.149 for treatment, day and interaction means.
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Figure 4: Effects of dietary additives on ileal isobutyrate concentrations in weanling
pigs. Data are in mmoles/liter and represent least squares means from three replicate
trials with a total of 12 pigs per treatment.
No treatment or day effects (P>0.05)
Average SEM=0.468
CT=Control treatment, AB=Antibiotic treatment, BM=MOS treatment, RT=Rotation
treatment.
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Figure 5: Effects of dietary additives on ileal valerate concentrations in weanling
pigs. Data are in mmoles/liter and represent least squares means from three replicate
trials with a total of 12 pigs per treatment.
No treatment or day effects (P>0.05)
Average SEM=0.076
CT=Control treatment, AB=Antibiotic treatment, BM=MOS treatment, RT=Rotation
treatment.
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Figure 6: Effects of dietary additives on ileal propionate concentrations in weanling
pigs. Data are in mmoles/liter and represent least squares means from three replicate
trials with a total of 12 pigs per treatment.
No treatment or day effects (P>0.05)
Average SEM=0.821
CT=Control treatment, AB=Antibiotic treatment, BM=MOS treatment, RT=Rotation
treatment.

64

control treatment had the lowest pH (Table 10). pH for the various gastrointestinal
locations was highest in the ileum, duodenum and jejunum, decreased in the spiral colon,
and was the lowest in the cecum (Table 10).
A site effect (P=0.0001) was observed in the percentage of dry matter for the
various locations where it was lowest in the ileum, increased in the jejunum and cecum,
and was highest in the spiral colon (Figure 7). Due to difficulty collecting sufficient
duodenal digesta for dry matter analysis, some duodenal data were missing for the
duodenal analysis.
Microflora
Treatment had no effect (P=0.1639) on total aerobe concentration for any of the
gastrointestinal locations. A site effect (P=0.0001) was observed in aerobic
concentrations (Figure 8). The lowest concentrations were observed in the duodenum
and increased in the jejunum. Concentrations found in the ileum were similar to those
observed in the cecum and concentrations from the cecum were similar to those found in
the spiral colon where concentrations were the highest. No treatment effects (P=0.2095)
were observed for total anaerobe concentrations, however site effects (P=0.0001) were
observed for gastrointestinal locations (Figure 9). Anaerobic concentrations were lowest
in the duodenum and jejunum and were highest in the ileum, cecum and spiral colon.
Treatment had no effect (P=0.9506) on streptococci concentrations in the various
gastrointestinal locations. Site effects (P=0.0001) as well as treatment/site interactions
(P=0.0005) were observed for streptococci concentrations (Table 11). Concentrations
were lowest in the duodenum, increased in the jejunum and increased further for the
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Table 10: Effects of dietary additives on duodenal, jejunal, ileal, cecal, and spiral
colon pH in weanling pigs.a
Treatmentb
GI Location
Duodenum Jejunum
Ileum
Cecum Spiral Colon
Trt Meanb
Control
6.46
6.01
6.55
5.69
5.94
6.13C
Antibiotic
6.78
6.81
7.05
5.84
6.28
6.55A
MOS
6.49
6.62
6.89
5.64
6.39
6.41AB
Rotation
6.89
6.29
6.52
5.81
6.11
6.32BC
c
6.66AB
6.43B
6.75A
5.75D
6.18C
Site Mean
a
Data represent least squares means from three replicate trials with a total of 12 pigs per
treatment.
b
Treatment effects, P=0.0017
c
Site effects, P=0.0001
ABCD means with different letters within a row or column differ (P<0.05).
SEM=0.074, 0.079, and 0.16 for treatment, site and interaction means.
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Figure 7: Effects of dietary additives on percentage of dry matter in the duodenum,
jejunum, ileum, cecum, and spiral colon in weanling pigs. Data represents least
squares means from three replicate trials with a total of 12 pigs per treatment.
Site effects, P=0.0001
Average SEM= 4.15
CT=Control treatment, AB=Antibiotic treatment, BM=MOS treatment, RT=Rotation
treatment.
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Figure 8: Effects of dietary additives on aerobe concentrations in various locations
of the gastrointestinal tracts in weanling pigs. Data are in Log10 cfu/g and represent
least squares means from three replicate trials with a total of 12 pigs per treatment.
Site effects, P=0.0001
Average SEM=1.011
CT=Control treatment, AB=Antibiotic treatment, BM=MOS treatment, RT=Rotation
treatment.
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Figure 9: Effects of dietary additives on anaerobe concentrations in various
locations of the gastrointestinal tracts in weanling pigs. Data are in Log10 cfu/g and
represent least squares means from three replicate trials with a total of 12 pigs per
treatment.
Site effects, P=0.0001
Average SEM=1.111
AB=Antibiotic treatment, BM=MOS treatment, CT=Control treatment, RT=Rotation
treatment.
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Table 11: Effects of dietary additives on streptococci (Log10 cfu/g) concentrations in
various locations in the gastrointestinal tracts in weanling pigs.a
Treatmentc
GI Locationb
Duodenum
Jejunum
Ileum
Cecum
Spiral Colon
Control
5.75
6.89
9.00
8.99
9.00
Antibiotic
5.95
6.41
8.26
7.76
7.15
MOS
7.60
6.83
8.84
8.75
8.92
Rotation
4.69
7.63
9.46
8.90
9.23
a
Data represent least squares means from three replicate trials with a total of 12 pigs per
treatment.
b
Site effects, P=0.0001
c
Treatment X Site interactions, P=0.0005
SEM=1.193 for interaction means.
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ileum, cecum and spiral colon. Treatment X site interactions were observed for
streptococci concentrations in the various gastrointestinal locations (Table 11). The
Antibiotic treatments showed a decrease in streptococci concentrations from the
duodenum to the jejunum and then an increase in the concentrations from the ileum.
Streptococci concentrations decreased in the cecum and then decreased again in the spiral
colon. Streptococci concentrations were lowest in the duodenum for the MOS, Control,
and Rotation treatments. Jejunal concentrations were similar to those in the duodenum
for the MOS treatment and were higher in the duodenum for the Control and Rotation
treatments. Concentrations increased in the cecum and then increased again
in the ileum and spiral colon for the Rotation and MOS treatments. The Control
treatment had similar streptococci concentrations in the ileum, cecum and spiral colon,
which was higher than those in the duodenum and jejunum were.
No treatment effects (P=0.2902) were observed for lactobacilli concentrations,
however site effects (P=0.0001) were observed for the various gastrointestinal locations
(Figure 10). Lactobacilli concentrations were lowest in the duodenum and jejunum,
increased in the ileum and increased further in the cecum and spiral colon. Treatment
had no effect (P=0.1607), however site effects (P=0.0001) were observed for E. coli
concentrations in the various locations of the gastrointestinal tract (Figure 11). E. coli
concentrations were lowest in the duodenum and jejunum, increased in the ileum and
cecum and then decreased in the spiral colon.
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Figure 10: Effects of dietary additives on lactobacilli concentrations in various
locations of the gastrointestinal tracts in weanling pigs. Data are in Log10 cfu/g and
represent least squares means from three replicate trials with a total of 12 pigs per
treatment.
Site effects, P=0.0001
Average SEM=1.076
CT=Control treatment, AB=Antibiotic treatment, BM=MOS treatment, RT=Rotation
treatment.
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Figure 11: Effects of dietary additives on E. coli concentrations in various locations
of the gastrointestinal tracts in weanling pigs. Data are in Log10 cfu/g and represent
least squares means from three replicate trials with a total of 12 pigs per treatment.
Site effects, P=0.0001
Average SEM=0.706
CT=Control treatment, AB=Antibiotic treatment, BM=MOS treatment, RT=Rotation
treatment.
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Resistance Levels
No treatment (P=0.2360) or site (P=0.2994) effects were observed in the
resistance levels of E. coli to carbadox from any of the locations of the gastrointestinal
tracts (Figure 12).
Short-Chain Fatty Acids
Concentrations of VFA in the various locations of the gastrointestinal tract, taken at day
35 postweaning, were not affected by the addition of carbadox or
mannanoligosaccharides to the diet (Table 12). However, site effects (P<0.05) were
observed for all VFA concentrations. Isovalerate concentrations (P=0.0001) were highest
in the spiral colon and all other sites showed similar concentrations. Isobutyrate
concentrations (P=0.0004) were similar in the spiral colon, ileum and jejunum, and were
significantly lower in the cecum.
A site effect (P=0.0001) for valerate was observed where the concentrations were
highest in the cecum and spiral colon. Valerate concentrations decreased in the
duodenum, decreased again in the ileum, and were lowest in the jejunum. Propionate
concentrations (P=0.0001) were lowest in the ileum and jejunum, increased in the spiral
colon, and increased again for the highest concentration in the cecum.
Site effects (P=0.0001) were observed for both acetate and butyrate
concentrations (Table 12). Acetate concentrations were lowest in the jejunum, doubled in
the ileum and spiral colon, and then doubled again for the highest concentration in the
cecum. A similar pattern was observed for butyrate concentrations where concentrations
were lowest in the jejunum. Butyrate concentrations were approximately 2 times greater
in the ileum compared to the jejunum, demonstrated another 2 fold increase in the spiral
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Figure 12: Effects of dietary additives on resistance levels of E. coli to Carbadox in
various locations of the gastrointestinal tracts in weanling pigs. Data are in µg/ml
and represent least squares means from three replicate trials with a total of 12 pigs per
treatment.
No treatment or site effects (P>0.05)
Average SEM=0.5035
CT=Control treatment, AB=Antibiotic treatment, BM=MOS treatment, RT=Rotation
treatment.
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Table 12. Effects of dietary additives on VFA concentrations (mmoles/liter) in various GI locations in weanling pigsa
Jejunumc
Ileum
Cecum
Spiral Colon
Treatment CT AB BM RT CT
AB
BM RT CT AB
BM
RT
CT
AB BM
Acetate
18.5 39.3 29.6 23.7 44.3 56.2 45.1 70.4 93.7 115.2 110.5 121.6 64.4 62.8 56.2
Propionate 0.4 0.6 0.5 0.6 1.5
4.3
1.9 3.8 51.7 55.1
60.4 62.5 35.3 27.8 25.6
Butyrate
0.1 0.0
0.1 0.1 1.9
3.9
1.1 6.1 26.5 25.9
23.5 27.0 15.3 16.6 10.0
Isobutyrate 1.4 3.3 2.3 1.5 2.1
2.1
2.0 2.7
0.7
1.0
0.9 1.3
1.4
2.3 1.7
Valerateb
0.3 1.2
0.3 0.3
0.9
0.7
0.7 1.3
8.2
2.9
3.9 3.2
5.9
2.7 2.5
Isovalerate 0.6 1.5 0.8 0.8 0.4
0.5
0.7 0.6
0.5
0.8
0.6 0.9
1.1
2.1 1.4
a
Data represent least squares means from three replicate trials with a total of 12 pigs
b
Treatment X site interactions were observed for Valerate (P=0.0297) concentrations
c
Site effects were observed for all VFA concentrations (P<0.05)
d
SEM=average standard error for interaction means.
CT=Control treatment, AB=Antibiotic treatment, BM=MOS treatment, RT=Rotation treatment.

76

RT SEMd
67.3 9.54
32.7 3.12
14.1 2.11
2.3 0.53
3.2 0.61
1.8 0.26

colon, and another 2 fold increase in the cecum where the highest concentration occurred.
Treatment X site interactions (P=0.0297) were observed for valerate concentrations
(Table12). Valerate concentrations decreased from the duodenum to the jejunum and the
ileum, and then increased to concentrations slightly above those found in the duodenum,
cecum and spiral colon of the pigs from the Antibiotic treatment. Valerate concentrations
were significantly lower in the jejunum compared to the duodenum in the Rotation
treatment and then gradually increased through the ileum, cecum and spiral colon.
Similar patterns in valerate concentrations were observed for the Control and MOS
treatments.
Tissue
No treatment effects (P=0.3391) were observed for villi length in the duodenum,
jejunum or ileum (Figure 13). However, villi length was significantly shorter (P=0.0001)
in the ileum when compared to the duodenum and the jejunum.
No treatment effects (P=0.5557) were observed for crypt depth between any of
the gastrointestinal locations (Figure 14). Site effects (P=0.0001) were observed for crypt
depth where crypts were deepest in the cecum and spiral colon. Crypt depth in the
duodenum was significantly shorter than in the cecum and spiral colon but significantly
longer that in the jejunum which had the shortest crypt depths. Crypt depth in the ileum
was similar to depths found in the duodenum and jejunum.

Discussion-Ileal Analyses
Treatment or time had no significant effect on ileal pH. This result may be due to
the pigs being more than 35 days of age by the first sampling. Mathew et al. (1991)
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Figure 13: Effects of dietary additives on villi length in various locations of the
gastrointestinal tracts in weanling pigs. Data are in um and represent least squares
means from three replicate trials with a total of 12 pigs per treatment.
Site effects, P=0.0001
Average SEM=155
CT=Control treatment, AB=Antibiotic treatment, BM=MOS treatment, RT=Rotation
treatment.
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Figure 14: Effects of dietary additives on crypt depth in various locations of the
gastrointestinal tracts in weanling pigs. Data are in um and represent least squares
means from three replicate trials with a total of 12 pigs per treatment.
Site effects, P=0.0001
Average SEM=62
CT=Control treatment, AB=Antibiotic treatment, BM=MOS treatment, RT=Rotation
treatment.
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found an increase in pH 2 days postweaning, however pH returned to previous levels
over the next few days and remained constant through day 14 postweaning. In the
present study, ileal pH was first measured on day 14 postweaning and it is possible that
concentrations had already returned to constant levels. Smith (1988) observed similar
changes in pH during the weaning development period of the pig. Mathew et al. (1994)
postulated that an increase in pH could be due to the initial fasting period observed with
many newly weaned pigs. This fasting period is generally observed in the first weeks
postweaning and potentially affects many physiological aspects that become more
constant as the pig adapts to the new diet. Pigs were allowed access to the treatment diets
for 7 days prior to the cannulations and for 7 days prior to the initial sampling for a total
of 14 days postweaning. It is possible that, since the pigs were allowed access to the
treatment diets for this period, the pigs had adjusted to the postweaning diets and the pH
had reached a steady state.
No treatment or day effects were observed in aerobe concentrations from the ileal
digesta. No treatment effects were observed for anaerobe concentrations; however, a
decrease was observed towards the end of the experiment. As the pigs grew towards the
end of the experiment, the intestines also increased in size, causing the cannulas to
become less secure. The increased amount of dry matter in the ileum may have also
resulted in an increase in pressure from the inside of the cannulas. It is possible that a
combination of these factors led to an increase in oxygen exposure for this area of the
intestines and caused a decrease in the anaerobic activity. It may also have been possible
that these decreases were due to improper technique or changes in the oxygen content of
the anaerobic chamber that was used.
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Treatment affected lactobacilli concentrations where concentrations were lowest
for the pigs on the Antibiotic treatment. This is an interesting effect because, though one
might expect to observe the lowest bacterial counts for the treatment including
antibiotics, no treatment effects were observed for any of the other bacteria analyzed. It
is also interesting to observe decreased lactobacilli concentrations for the Antibiotic
treatment group, and not see an effect on the E. coli concentrations from this treatment
group. Carbadox is a broad spectrum antimicrobial that affects both gram negative and
gram positive bacteria, and E.coli and lactobacilli thrive in different types of
environments that usually deter their simultaneous proliferation. Many postweaning
disorders can be linked to specific strains of E. coli (Arbuckle, 1969). One major theory
supporting the use of subtherapeutic levels of antibiotics in animal diets is to help
minimize the “lag phase” at weaning time and to reduce the amount of intestinal
disorders. We were not able to demonstrate in the current study that treatment effects
were the result of shifts in specific strains of bacteria because only overall populations
were monitored.
Another interesting effect was the significant decrease in E. coli concentrations on
day 21 postweaning for all treatments. This decrease could potentially indicate a lower
level of infection and a less notable occurrence of scours. No visible signs of scours were
noted during this period for any of the treatment groups. One might expect to observe an
increase in other commensalate bacteria such as lactobacilli and streptococci as the E.
coli concentrations decrease because of the differences in environmental preferences.
Lactobacilli favor environments with pH values from 5 to 6.5 and can survive in more
acidic conditions. However, E.coli have shown faster growth rates at near neutral or
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slightly alkaline pH. The pH for the present study were consistent throughout the
experiment with an overall average pH of approximately 6.95, which were is suitable for
E. coli. This makes it difficult to explain the decrease in E. coli concentrations based on
pH but might help explain the trend observed for lactobacilli to decrease from day 14 to
35 postweaning. It is unusual for a decrease in concentration to be observed for both
lactobacilli and E. coli simultaneously and the reasons for these decreases are not
completely clear. It is possible that the cannulation surgeries disrupted the microbial
environments of the intestines, causing an imbalance of microbials. It may be possible
that the abrupt surgical challenge caused a decrease in lactobacilli that in turn resulted in
an increase in E. coli concentrations. Since the trend of a decrease in lactobacilli
concentrations was not significant, it may be possible that the two bacteria were in the
process of an environmental shift towards homeostasis and had sampling continued,
different observations may have been noted.
No treatment effects were observed in resistance levels of E. coli to carbadox.
This was not surprising considering that very few treatment effects were observed for this
experiment and because treatment had no effects on E. coli concentrations. This may
have been because the pigs were weaned and maintained in a clean environment,
resulting in less stress and low proliferation of E. coli. Lower overall concentrations of
E.coli may reduce the availability of genetic material with resistance potential that can be
widely distributed among the various E.coli strains, thus increasing the concentrations of
resistant bacteria (Chopra and Roberts, 2001).
Volatile fatty acid profiles were variably affected by the treatments. The fact that
the MOS and Control treatments were similar to each other in trends observed for nearly
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all of the VFA concentrations is interesting. It appears that the addition of
mannanoligosaccharides to the diet has a different effect on VFA concentrations than
when carbadox is added. Treatment effects were observed for both acetate and butyrate
concentrations. Concentrations were highest for the Antibiotic treatment and were
significantly lower in the MOS and Control treatments for both short-chain fatty acids.
Acetate and butyrate concentrations were significantly higher on day 35 than on day 14
postweaning, possibly due to greater establishment of microbial populations as the pig
aged. It appears that the production or absorption of these volatile fatty acids is affected
more by the addition of carbadox to the diet. The MOS treatment seems to have less of
an affect on VFA production because results from this treatment more closely resembled
those of the Control treatment. It may also be possible that the lower VFA concentrations
from the MOS treatment were due to intestinal utilization of the VFA at a quicker rate.
This treatment effect on acetate and butyrate also may be contributing to the
unusual effects noted for the bacterial concentrations. Since the type of microbial
metabolism and the VFA produced can greatly affect the specific microbial populations
that predominate, it may be possible that the higher concentrations of acetate and butyrate
observed for the Antibiotic treatment are related to the higher concentrations of
lactobacilli observed for the Antibiotic treatment. It may also be possible that the
treatment effects observed for acetate and butyrate are the result of fluctuations in other
intestinal microbial populations that were not monitored in this study.

Discussion-Gastrointestinal Locations
Site effects were observed for pH concentrations of various GI locations. This
was expected due to different flow rates and enzymatic activities of various sites along
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the intestinal tract. Similarly, the percentage of dry matter were observed along the tract
due to differences in water absorption, intestinal secretions, and the formation of feces in
the spiral colon. It is interesting to note that the upper portion of the small intestines did
have the highest pH, which could potentially make this region more susceptible to E. coli
proliferation and invasion, which corresponds with recent literature. The treatment effect
observed for pH might lead to the expectation of treatment effects occurring for the
various bacterial concentrations, however no such effects were observed. Also, the
Antibiotic treatment was noted to have the highest ileal pH, which could contribute to a
more suitable environment for E. coli. The MOS and Rotation treatments produced
lower pH and the Control treatment was shown to have the lowest pH, making them less
suitable for E. coli. This seems opposite to what should have been observed. It may be
possible that even though the differences in pH were statistically significant, they may
not have been physiologically significant, thus producing limited effects on the intestinal
microflora. The site effects observed for the bacterial concentrations along the intestinal
tract did however correspond with the site effects observed for the pH.
No treatment effects were observed for resistance levels of E. coli to carbadox.
This may have occurred for the same reasons discussed for the ileal analyses.
Concentrations of VFA in the various locations of the gastrointestinal tract taken
at day 35 postweaning were not affected by treatments. However, site effects were
observed for all VFA concentrations and were expected due to the contributing factors
that create different environments at the various gastrointestinal locations.
No treatment effects were observed for villi height or crypt depth. This may have
been expected due to the fact that there were no treatment differences in the factors
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measured that could have possibly contributed to the villi height and crypt depth. Villi
height was significantly shorter in the ileum than in the duodenum and jejunum. This
may be because of the higher rate of absorption in the latter regions. The higher rate of
nutrient absorption would require more enterocytes (absorptive cells) thus causing the
villus to extend further. This may have also been due in part to the cannulas being
inserted into the ileum. The surgical alteration may have caused disruptions in the
enterocyte proliferation. If this were the case then it might be speculated that the crypt
depth would increase for the ileum. However in the present experiment crypt depth in the
ileum was similar to depths observed for the duodenum and jejunum. Moon (1971)
found that the migration cycle from crypt base to extrusion at the villus apex takes from
two to four days. It may also be possible that the sampling period of the ileum coincided
with the transition of enterocytes, creating a less than accurate representation of the villi
to crypt relationship. Crypt depths were deepest in the cecum and the spiral colon as
there were no villi in these regions, which is in agreement with recent literature.
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III. EXPERIMENT TWO
Materials and Methods
Experimental Design
Sires and dams of similar genetic backgrounds were selected for all three
replicates of the trial. Antibiotics were completely removed from sow diets upon entering
the farrowing house and piglets were not provided with creep feed. Pigs were vaccinated
with 3 ml of PleuroGuard 4 and 2 ml of RespiSure (Pfizer, Inc.) and moved to the
Johnson Animal Research Teaching Unit located at the Tennessee Agricultural
Experiment Station of Knoxville, TN. A total of 48 crossbred (Yorkshire X Landrace X
Duroc) pigs were weaned at approximately 18 to 21 days of age and were balanced by
gender, genetics, and weight into three replicate groups. Each of the three blocks
contained pigs that were assigned to one of four identical nursery rooms that had been
randomly assigned to one of four treatments (Table 13). Treatment dietary compositions
are listed in Table 14.

Table 13: Experiment two treatments applied to pig groups.
Description
Treatment
Control (CT)

Control diet formulated at or above 1998 NRC recommendations
fed ad libitum for 28 days

Antibiotic (AB)

Similar to Control treatment except containing 55 mg
carbadox/kg fed ad libitum for 28 days

MOS (BM)

Similar to Control treatment, except containing 0.2%
mannanoligosaccharide fed ad libitum for 28 days

Rotation (RT)

Antibiotic treatment fed for 14 days and then switched to the
MOS treatment for 14 days
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Table 14. Experiment two percentage composition of treatment diets.
Treatment
Ingredient

Antibiotic

MOS

Control

Corn

41.495

42.295

42.495

Soybean meal

22.350

22.350

22.350

Dried whey

20.000

20.000

20.000

Fish meal

5.000

5.000

5.000

AP 920 (Plasma)

5.000

5.000

5.000

Liquid Energy (Fat)

4.000

4.000

4.000

Limestone

0.900

0.900

0.900

Dicalcium Phosphate

0.050

0.050

0.050

Vitamin/mineral premixa

0.135

0.135

0.135

Lysine 98%

0.050

0.050

0.050

Choline 60

0.020

0.020

0.020

Mecadox 2b

1.000

0.000

0.000

0.000
0.200
0.000
Bio-Mosc
a
Provided to the final feed: Cu, 11.25 ppm; salt, 0.31 kg/100kg; Zn, 153.75 ppm; Fe,
127.50 ppm; Mn, 35.74 ppm; Ca, 851 mg/kg; I, 0.75 ppm; Se, 0.30 ppm; Vit. A, 1500
IU/kg; Menadione (sodium bisulfate form), 1.09 mg/kg; Vit. B12, 16.2 mcg/l; Vit. D,
190.9 IU/kg; Vit. E, 10.91 IU/kg; Riboflavin, 1.82 mg/kg; d-Pantothenic Acid, 4.73
mg/kg; Niacin, 8.2 mg/kg.
b
Provided 55 g/ton of carbadox per ton of feed.
c
Provided 1.82 kg of mannanoligosaccharide per ton of feed.
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This resulted in three pens (blocks) with four pigs each for each of the four
treatments. Each group was allowed ad libitum access to water and the treatment diet.
Pigs within each block were maintained in groups in 4’ X 4’ nursery pens with three pens
in each individual room. Environmental conditions were similar to those commonly
found in modern nurseries. Temperatures were set at 29°C for the first week and then
stepped down in weekly intervals to a final temperature of 23°C. Artificial lighting was
provided by fluorescent fixtures and remained on continuously 24 hours a day for the
duration of the trial. Environmental and waste removal systems were separate for each
room to reduce the risk of cross contamination of bacteria between treatment groups.
Treatment diets were mixed and delivered separately beginning with the control diet and
finally the treatment containing antibiotics. The treatment diets were kept separate and
stored in closed containers in the respective treatment rooms. Rooms were accessed in
the order of the Control, followed by the MOS, then Rotation, and finally the Antibiotic
treatment. Disposable biohazard suits (Fisher, Suwannee, GA), gloves (Diamond Grip
Microflex, Reno, NV), and disposable boots (Nasco, Ft. Atkinson, WI) were worn and
changed between each room to decrease the risk of cross contamination. The disposable
boots were also disinfected between rooms by a footbath containing Nolvasan solution
and water.
Pigs weights were recorded to the nearest one-tenth pound on days 0,7,14,21, and
28 using an electronic scale. Feed was weighed to the nearest one-tenth pound with an
electronic scale and added as needed to provide sufficient feed for ad libitum feeding.
Feed was removed from the feeders and weighed prior to recording animal weights in
order to calculate weekly feed to gain ratios. Feed and animal weights were used to
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calculate average daily gain (ADG), average daily feed intake (ADFI), and gain to feed
ratio (G/F).
Sample Collection and Analysis
On day seven of the trial, at 28 days of age, twelve pigs were selected at random
based on genetic similarities (one pig per block per treatment), and removed from the
growth study portion of the experiment to be sacrificed for collection of digesta and
tissue samples. These pigs were removed from the growth performance calculations after
day 7. Twelve additional pigs were similarly selected at the conclusion of the trial on day
28 and were sacrificed via captive bolt followed by jugular exsanguination for collection
of digesta and tissue samples. Since these pigs remained on the trial for its duration, they
were included in growth performance calculations. A midline incision was made and the
gastrointestinal tract was immediately removed for sample collection. Digesta samples
were immediately collected from the jejunum, ileum, cecum and spiral colon into
centrifuge tubes and placed on ice to minimize further bacterial proliferation and
fermentation. Samples were then transported to the laboratory for determination of pH
and dry matter and preparation for bacterial and short chain fatty acid analysis. Sample
pH was determined using a Corning #345 pH meter (Corning, New York, NY) with a
high performance glass electrode (cat. # 476390). Dry matter was determined by drying
a pre-weighed amount of digesta at 100°C for 24 hours and comparing pre-dried weight
to post-dried weight.
Tissue samples were collected in sections approximately 1-2 inches in length
from the duodenum, jejunum, ileum, cecum and the distal loop of the spiral colon.
Samples were rinsed with sterile saline to remove digesta particles and then flushed and
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preserved in 10% buffered formalin. Tissue samples were embedded in paraffin and
cross sections of the intestines were made and stained, using a general staining
combination of hematoxylin and eosin, on slides for histological examination.
Microbial Analysis
Digesta was prepared for bacterial analysis by adding 1 g of sample to 9 ml of
PBS and mixing vigorously. Ten-fold serial dilutions were made using the PBS as a
diluent. One hundred microliters of each dilution were spread in duplicate, onto Petri
dishes containing growth media specific for each bacterial type. Total E. coli were
determined by visually enumerating individual colony growth on lactose MacConkey
agar (Difco, Sparks, MD) after incubation for 24 hours at 37°C. Escherichia coli were
confirmed by subjecting 10 random typical colonies to biochemical analysis (API 20E,
BioMerieux Vitek, Syosset, NY). Total lactobacilli were determined by growth on
Rogosa agar (Difco) using an overlay method to minimize oxygen exposure during
growth. In this method, 100 µl sample aliquots were spread onto solid Rogosa agar using
a sterile glass rod. Plates were allowed to dry at 37°C for 10 minutes in a convection
incubator. Following drying, approximately 10 ml of liquid Rogosa agar were poured
over the cultures and allowed to solidify. Liquid Rogosa agar was allowed to cool to
approximately 42°C before pouring over the cultures. Once the additional layer of
Rogosa agar was solidified, the plates were returned to the incubator for a 48 hour
incubation period at 37°C until enumeration was performed.
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Minimum Inhibitory Concentration Analysis (MIC)
Once the E. coli colonies had been enumerated, 10 individual colonies from each
sample were selected and tested for sensitivity to carbadox. Colonies were picked from
the surface of the MacConkey agar using a wire 4-mm loop and placed into sterile 16 x
120 mm glass test tubes (Fisher Scientific) containing 5 ml of Mueller Hinton II Broth
(BBL, Becton Dickerson Microbiology Systems, Sparks, MD). Tubes were positioned
in a shaking water bath at a temperature of 37°C where they were maintained until cell
concentrations were determined, by colorimeter (BioMerieux Vitex, Inc, Hazelwood,
MO), to be at 0.5 McFarland standard turbidity level (approximately 108 CFU/ml)
(NCCLS, 1997). Upon reaching the appropriate density, 25.3µl of the cell culture was
added to 2.5 ml of a 1:10 dilution of Mueller Hinton II Broth (BBL) and sterile water.
Fifty microliters of the Mueller Hinton II Broth (BBL) and bacteria mixture was added to
a 96-well microtiter plate for analysis. The final bacterial concentrations were
approximately 5 x 105 CFU/ml (NCCLS, 1997).
Microtiter plates contained twelve columns and eight rows, with the twelfth
column reserved for the control bacterial strain (ATCC 215922 E.coli, USDA, Ames,
Iowa). The microtiter plates were pre-manufactured (Trek Diagnostic Systems, Inc.
Westlake, OH) to have two fold serial dilutions from 0 to 128 µg/ml of carbadox in each
of the first eleven columns. The twelfth column contained no antibiotic and served as a
control to test for viable bacteria. Plates were freeze-dried and sealed for shipping and all
wells were initially filled with 50µl of Mueller Hinton II Broth (BBL) for reconstitution.
Once the bacterial concentrations were added, the microtiter plates were wrapped with
Para film and incubated at 37°C for 18-24 hours before interpreting. Growth was
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interpreted by turbidity or as a deposit of cells at the bottom of the well and the MIC was
recorded as the lowest concentration of antibiotic that inhibited visual growth.
Short-Chain Fatty Acid Analysis
Volatile fatty acid concentrations were determined using a gas chromatographic
method adapted from Playne (1985). Approximately 10 g of intestinal contents were
centrifuged at 15,000 x g at 4°C for 15 minutes in a Beckman, model J2-HS centrifuge
with a JA-20.1 rotor (Beckman Instruments). One and one-half milliliters of supernatant
were mixed with 300 µl of 25% metaphosphoric acid (H3PO4) (5:1 ratio) and incubated at
room temperature for 30 minutes. Following centrifugation to remove the precipitate,
1µl of sample was injected into a Hewlett Packard model 5890 gas chromatograph
(Hewlett Packard, Avondale, PA) with an HP-FFaP 10-m x 0.53-mm x 1µm capillary
column packed with cross linked polyethylene glycol-TPA. A flame ionization detector
was used with an oven temperature of 200°C and a detector temperature of 250°C for
determination of acetate, propionate, butyrate, isobutyrate, valerate, and isovalerate
concentrations.
Tissue Analysis
Histological examination of the tissue samples was conducted using the
Metamorph Imaging System (Universal Imaging Corp., Downington, PA) for
determination of villi height and crypt depth. Images were obtained from the duodenum,
jejunum, and ileal samples under 10X magnification and averages in villi height and
crypt depth were calculated using measurements from a minimum of three separate areas.
Images for cecum and colon samples were also obtained under 10X magnification and
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crypt depth averages were calculated from a minimum of measurements from three
separate areas. The Metamorph system was calibrated to convert pixels per unit into
microns and this was the unit used for all measurements.
Statistical Analysis
The statistical model for the growth performance data consisted of a completely
randomized block design with replication and was used to compare the four treatments.
Least squares means were computed and compared using least significant difference at
P=0.05.
The statistical model for pH, dry matter, short-chain fatty acids, microbial
concentrations, MIC and tissue measurements consisted of a randomized complete block
design, with sampling, using repeated measures analysis with the individual pig serving
as the experimental unit. Data were analyzed using the Mixed Model Procedure of SAS
(SAS Proc Mixed, 2001). Least squares means were analyzed using least significant
difference at P=0.05 and differences between days were separated using Pdmix
procedures. Microbial concentrations were transformed (log10) and MIC data were
linearized to produce interpretable statistical analyses.

Results
Growth Performance
No treatment effects (P=0.8653) were observed for the overall average daily gain
of the pigs from day 7 to day 28 postweaning (Figure 15). Neither average feed intake
(P=0.9799) nor the feed conversion ratio (P=0.2493) was affected by treatment (Figure
16 and 17).
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Figure 15: Effects of dietary additives on average daily gain of weanling pigs from
day 7 to day 28 postweaning.
Data are in kg/pig/day and represent least squares means from 3 blocks with a total of 3
pigs per treatment for each of the postweaning days
No treatment or day effects (P>0.05)
Average SEM=0.16
CT=Control treatment, AB=Antibiotic treatment, BM=MOS treatment, RT=Rotation
treatment.
.
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Figure 16: Effects of dietary additives on average feed intake of weanling pigs from
day 7 to day 28 postweaning.
Data are in kg/pig/day and represent least squares means from 3 blocks with a total of 3
pigs per treatment for each of the postweaning days
No treatment or day effects (P>0.05)
Average SEM =0.16
CT=Control treatment, AB=Antibiotic treatment, BM=MOS treatment, RT=Rotation
treatment.
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Figure 17: Effects of dietary additives on feed conversion ratio of weanling pigs
from day 7 to day 28 postweaning.
Data are in kg gain/ kg feed and represent least squares means from 3 blocks with a total
of 3 pigs per treatment for each of the postweaning days
No treatment or day effects (P>0.05)
Average SEM=0.08
CT=Control treatment, AB=Antibiotic treatment, BM=MOS treatment, RT=Rotation
treatment.

96

pH and Dry Matter
No differences in pH concentrations (P=0.4071) were detected between the
treatment groups on day 7 postweaning, however a trend (P=0.0683) was observed for
the locations of the gastrointestinal tract during that period (Table 15). The cecum had a
numerically lower pH compared to the other locations. Both site (P=0.0001) and
treatment (P=0.0109) effects were observed on day 28 postweaning (Table 16). The pH
concentration of the ileum and jejunum were similar, whereas pH was significantly lower
(P=0.0001) in the spiral colon and was lowest in the cecum. pH for the Antibiotic and
MOS treatments were almost identical and the Control treatment was significantly lower
(P=0.0001). The pH from the Rotation treatment was intermediate and did not differ
from any of the other treatments. Overall treatment did not affect the pH (P=0.2594).
Overall site effects (P=0.0001) were observed for pH where the ileum had the highest pH
concentration with a significant decrease in the spiral colon and the lowest values in the
cecum (Table 17). The jejunal pH did not differ from those seen in the ileum or the spiral
colon.
Site effects (P=0.0001) were observed when data were pooled over all days
(Table 20) for dry matter percentages as well as for day 7 (P=0.0003) postweaning (Table
18) and day 28 (P=0.0001) postweaning (Table 19). The spiral colon contained a
significantly higher percentage of dry matter compared to other sites on all sample days
and in overall dry matter percent when data were pooled over all days. Dry matter
percentages were overall lowest in the ileum, higher in the cecum and percentages in the
jejunum were intermediate to the ileum or cecum on day 7 postweaning (Table 18) and
overall (Table 20). Dry matter percentages were lowest in the
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Table 15: Effects of dietary additives on pH in various locations in the
gastrointestinal tracts in weanling pigs on day 7 postweaning.a
Treatment
GI Location
Jejunum
Ileum
Cecum
Spiral Colon
Control
6.42
6.63
5.89
6.49
Antibiotic
6.25
6.69
5.97
6.48
MOS
5.66
6.45
5.60
6.22
Rotation
6.16
5.74
5.52
5.82
a

Data represent least squares means from 3 blocks with a total of 3 pigs per treatment.
SEM= 0.404 for the interaction means.

Table 16: Effects of dietary additives on pH in various locations in the
gastrointestinal tracts in weanling pigs on day 28 postweaning.a
Treatment
GI Location
Jejunum
Ileum
Cecum
Spiral Colon
Trt Meanc
Control
5.87
5.99
5.59
5.82
5.82B
Antibiotic
7.06
6.43
5.74
6.20
6.36A
MOS
6.44
5.99
5.50
5.83
5.94A
Rotation
6.57
6.33
5.48
5.97
6.09AB
b
Site Mean
6.49A
6.19A
5.58C
5.96B
a

Data represent least squares means from 3 blocks with a total of 3 pigs per treatment.
Site effects, (P=0.0001)
c
Treatment effects, (P=0.0109)
ABCD means with different letters within a row or column differ (P<0.05).
SEM=0.130, 0.136, and 0.253 for site, treatment, and interaction means.
b

Table 17: Effects of dietary additives on pH in various locations in the
gastrointestinal tracts in weanling pigs over all days.a
Treatment
GI Location
Jejunum
Ileum
Cecum
Spiral Colon
Control
6.14
6.27
5.74
6.16
Antibiotic
6.65
6.80
5.85
6.34
MOS
6.05
6.86
5.55
6.03
Rotation
6.37
6.18
5.50
5.89
Site Meanb
6.30AB
6.53A
5.66C
6.11B
a

Data represent least squares means from 3 blocks with a total of 6 pigs per treatment.
Site effects, (P=0.0001)
ABCD means with different letters within a row or column differ (P<0.05).
SEM=0.113, 0.153, and 0.245 for site, treatment and interaction means.
b
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Trt Mean
6.08
6.41
6.11
5.99

Table 18: Effects of dietary additives on dry matter percentages in various locations
in the gastrointestinal tracts in weanling pigs on day 7 postweaning.a
Treatment
GI Location
Jejunum
Ileum
Cecum
Spiral Colon
Trt Mean
Control
11.20
3.22
9.95
15.23
9.9
Antibiotic
11.67
6.93
12.18
21.53
13.08
MOS
7.57
3.94
12.57
15.63
9.93
Rotation
8.77
14.57
15.33
16.03
13.68
9.80BC
7.17C
12.51B
17.11A
Site Meanb
a

Data represent least squares means from 3 blocks with a total of 3 pigs per treatment.
Site effects, (P=0.0003)
ABCD means with different letters within a row or column differ (P<0.05).
SEM=1.15, 1.35, and 2.62 for site, treatment, and interaction means.
b

Table 19: Effects of dietary additives on dry matter percentages in various locations
in the gastrointestinal tracts in weanling pigs on day 28 postweaning.a
Treatmentc
GI Locationb
Jejunum
Ileum
Cecum
Spiral Colon
Control
7.87
13.41
12.10
15.03
Antibiotic
13.27
4.92
12.07
23.23
MOS
10.53
ND
11.30
16.03
Rotation
11.20
10.04
10.23
12.10
a

Data represent least squares means from 3 blocks with a total of 3 pigs per treatment.
Site effects, (P=0.0001)
c
Treatment X site effects, (P=0.0124)
SEM=1.68 for the interaction means.
b

Table 20: Effects of dietary additives on dry matter percentages in various locations
in the gastrointestinal tracts in weanling pigs over all days.a
Treatmentcd
GI Locationb
Jejunum
Ileum
Cecum
Spiral Colon
Control
9.53
10.02
11.03
15.13
Antibiotic
12.31
5.80
12.13
22.38
MOS
9.05
3.27
11.93
15.83
Rotation
9.98
11.45
12.78
14.07
a

Data represent least squares means from 3 blocks with a total of 6 pigs per treatment.
Site effects, (P=0.0001)
c
Treatment effects, (P=0.0462)
d
Treatment X site effects, (P=0.0333)
SEM=1.62 for the interaction means.
b
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ileum on day 28 postweaning, whereas percentages in the cecum and jejunum were
higher compared to the ileum (Table 19).
Overall, treatment X site interactions (P=0.0333) were observed for percent dry
matter (Table 20). The Antibiotic and MOS treatments contained significantly lower
percentages of ileal dry matter compared to treatments. Dry matter percentages were
approximately 2 times lower in the ileum compared to the jejunum and cecum, and
demonstrated another 2 fold increase in the spiral colon for the Antibiotic treatment. The
Antibiotic treatment also had the highest percent of dry matter in the spiral colon
compared to any other treatment or site. Dry matter percentages for the MOS treatment
were approximately 2 times greater in the jejunum compared to the ileum, increased in
the cecum and increased again in the spiral colon. The Control and Rotation treatments
had similar values for dry matter percent. The lowest percentages were observed in the
jejunum with only a slight increase for the ileum and cecum, and another slight increase
in the spiral colon.
Microflora
No overall treatment (P=0.7151), day 7 (P=0.0707), or day 28 (P=0.1369)
postweaning treatment effects were observed for lactobacilli concentrations. A trend for
lactobacilli concentrations was observed on day 7 postweaning (Table 21) where
concentrations were lower in the Rotation treatment, and higher in the MOS treatment.
Site effects for lactobacilli concentrations were observed for day 7 (P=0.0001)
postweaning (Table 21) and day 28 (P=0.0039) postweaning (Table 22), and a site effect
(P=0.0001) was noted overall (Table 23). Lactobacilli concentrations were lowest in the
jejunum compared to all
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Table 21: Effects of dietary additives on lactobacilli concentrations (Log10 cfu/g) in
various locations in the gastrointestinal tracts in weanling pigs on day 7
postweaning.a
Treatment
GI Location
Jejunum
Ileum
Cecum
Spiral Colon
Trt Mean
Control
19.89
19.45
22.75
24.81
21.73
Antibiotic
21.34
23.49
22.59
24.60
23.01
MOS
21.31
22.14
23.60
25.56
23.15
Rotation
18.98
20.23
22.21
22.36
20.95
b
Site Mean
20.38D
21.33C
22.79B
24.33A
a

Data represent least squares means from 3 blocks with a total of 3 pigs per treatment.
Site effects, (P=0.0001)
ABCD means with different letters within a row or column differ (P<0.05).
SEM=0.588, 0.706, and 0.77 for site, treatment, and interaction means.
b

Table 22: Effects of dietary additives on lactobacilli concentrations (Log10 cfu/g) in
various locations in the gastrointestinal tracts in weanling pigs on day 28
postweaning.a
Treatment
GI Location
Jejunum
Ileum
Cecum
Spiral Colon
Trt Mean
Control
18.71
19.53
19.74
20.01
19.50
Antibiotic
14.79
18.18
17.60
18.58
17.29
MOS
18.87
20.71
20.75
20.81
20.29
Rotation
18.85
22.79
19.91
20.80
20.41
b
17.81B
20.30A
19.5A
20.05A
Site Mean
a

Data represent least squares means from 3 blocks with a total of 3 pigs per treatment.
Site effects, (P=0.0039)
ABCD means with different letters within a row or column differ (P<0.05).
SEM=1.01, 1.25, and 1.10 for site, treatment, and interaction means.
b

Table 23: Effects of dietary additives on lactobacilli concentrations (Log10 cfu/g) in
various locations in the gastrointestinal tracts in weanling pigs over all days.a
Treatment
GI Location
Jejunum
Ileum
Cecum
Spiral Colon
Trt Mean
Control
18.80
19.49
21.24
22.41
20.49
Antibiotic
18.06
21.37
20.09
21.59
20.28
MOS
20.09
21.78
22.17
23.18
21.81
Rotation
18.91
21.26
21.06
21.58
20.70
18.97C
20.98B
21.14B
22.19A
Site Meanb
a

Data represent least squares means from 3 blocks with a total of 6 pigs per treatment.
Site effects, (P=0.0001)
ABCD means with different letters within a row or column differ (P<0.05).
SEM=1.03, 0.580, and 1.06 for site, treatment, and interaction means.
b
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other sites for day 7 postweaning. On day 28 postweaning lactobacilli concentrations
were lowest in the jejunum, and concentrations were similar among the ileum, cecum and
spiral colon (Table 22). Overall lactobacilli concentrations were lowest in the jejunum,
intermediate in the ileum and cecum and highest in the spiral colon (Table 23).
No treatment effects (P=0.1163) were observed for E.coli concentrations on day 7
postweaning (Table 24). Treatment effects were observed for day 28 (P=0.0063)
postweaning and overall (P=0.0282). On day 28 postweaning, E.coli concentrations were
lowest for the Antibiotic and MOS treatments, and highest for the Control and Rotation
treatments (Table 25). Overall E.coli concentrations were lowest for the Antibiotic and
MOS treatments and highest for the Control treatment (Table 26).
Site effects were observed on day 7 (P=0.0004) and day 28 (P=0.0032)
postweaning, as well as overall (P=0.0001). E.coli concentrations were highest in the
spiral colon and lowest in the jejunum on day 7 postweaning (Table 24). Ileal
concentrations were similar to those observed in the jejunum and cecum, and cecal
concentrations were similar to those in the ileum and spiral colon. Day 28 postweaning
E.coli concentrations were highest in the cecum and spiral colon and were lowest in the
ileum and jejunum (Table 25). Overall, E.coli concentrations were highest in the cecum
and spiral colon, significantly lower in the ileum, and the lowest concentrations were
observed in the jejunum (Table 26).
Treatment X site interactions (P=0.0313) were observed for E.coli concentrations
on day 28 postweaning (Table 25). The lowest concentrations for the Antibiotic
treatment were observed in the jejunum. The other sites had significantly higher
concentrations compared to the jejunum but were similar to each other. Ileal E.coli
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Table 24: Effects of dietary additives on E.coli concentrations (Log10 cfu/g) in
various locations in the gastrointestinal tracts in weanling pigs on day 7
postweaning.a
Treatment
GI Location
Jejunum
Ileum
Cecum
Spiral Colon
Trt Mean
Control
14.01
14.78
16.13
18.07
15.75
Antibiotic
8.68
10.76
12.60
12.59
11.16
MOS
11.34
11.94
12.02
14.09
12.35
Rotation
7.64
9.59
11.78
12.06
10.27
b
Site Mean
10.42C
11.77BC
13.13AB
14.20A
12.38
a

Data represent least squares means from 3 blocks with a total of 3 pigs per treatment.
Site effects, (P=0.0004)
ABCD means with different letters within a row or column differ (P<0.05).
SEM=1.17, 1.61, and 1.72 for site, treatment, and interaction means.
b

Table 25: Effects of dietary additives on E.coli concentrations (Log10 cfu/g) in
various locations in the gastrointestinal tracts in weanling pigs on day 28
postweaning.a
Treatmentcd
GI Locationb
Jejunum
Ileum
Cecum
Spiral Colon
Control
13.29
13.68
13.61
13.96
Antibiotic
6.21
9.45
9.97
9.34
MOS
9.53
6.76
11.66
11.94
Rotation
13.05
15.20
16.03
15.55
a

Data represent least squares means from 3 blocks with a total of 3 pigs per treatment.
Site effects, (P=0.0032)
c
Treatment effects, (P=0.0063)
d
Treatment X site effects, (P=0.0313)
SEM=0.87 for interaction means.
b

Table 26: Effects of dietary additives on E.coli concentrations (Log10 cfu/g) in
various locations in the gastrointestinal tracts in weanling pigs over all days.a
Treatment
GI Location
Jejunum
Ileum
Cecum
Spiral Colon
Trt Meanc
Control
13.65
14.23
14.87
16.02
14.69A
Antibiotic
7.45
10.24
11.29
10.97
9.99B
MOS
10.44
10.65
11.84
13.02
11.49B
Rotation
10.34
11.84
13.91
13.80
12.47AB
10.47C
11.74B
12.98A
13.45A
Site Meanb
a

Data represent least squares means from 3 blocks with a total of 6 pigs per treatment.
Site effects, (P=0.0001)
c
Treatment effects, (P=0.0282)
ABCD means with different letters within a row or column differ (P<0.05).
SEM=0.67, 1.08, and 1.13 for site, treatment, and interaction means.
b
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concentrations were lowest for the MOS treatment compared to the other treatments.
Concentrations were lowest in the jejunum and highest in the spiral colon. E.coli
concentrations for the Control treatment were greater compared to the Antibiotic and
MOS treatments, and no differences were observed between sites. The Rotation
treatment had the lowest E.coli concentrations in the jejunum and the highest
concentrations in the cecum and spiral colon. Ileal E.coli concentrations were not
statistically different from any of the other sites.
Resistance Levels
No treatment or site effects (P>0.05) were observed for E.coli resistance to
carbadox in any of the gastrointestinal locations for any of the sampling days (Table 27,
28 and 29). Day effects (P=0.0032) were observed in E.coli resistance from day 7 to day
28 postweaning when all sites were pooled (Figure 18). Overall E.coli resistance to
carbadox decreased from day 7 to day 28 postweaning. Overall treatment X day
interactions (P=0.0500) were observed for E.coli resistance to carbadox (Figure 18).
E.coli resistance to carbadox decreased from day 7 to day 28 postweaning for the
Antibiotic, MOS and Rotation treatments, however resistance increased from day 7 to
day 28 postweaning for the Control treatment.
Short-Chain Fatty Acids
No overall (P=0.3364), day 7 (P=0.2823) or day 28 (P=0.1073) postweaning
treatment effects were observed for isovalerate concentrations. Day 7 postweaning site
effects (P=0.0013) occurred where the jejunum contained significantly lower isovalerate
concentrations than the cecum and spiral colon (Table 30). Site effects (P=0.0124) were

104

Table 27: Effects of dietary additives on E.coli resistance to carbadox (µg/ml) in
various locations in the gastrointestinal tracts in weanling pigs on day 7
postweaning.a
Treatment
GI Location
Jejunum
Ileum
Cecum
Spiral Colon
Control
4.81
3.73
3.10
4.00
Antibiotic
5.77
2.38
6.13
6.13
MOS
5.30
5.63
5.40
8.38
Rotation
6.65
17.9
5.88
8.79
a

Data represent least squares means from 3 blocks with a total of 3 pigs per treatment.
SEM=0.51 for interaction means.

Table 28: Effects of dietary additives on E.coli resistance to carbadox (µg/ml) in
various locations in the gastrointestinal tracts in weanling pigs on day 28
postweaning.a
Treatment
GI Location
Jejunum
Ileum
Cecum
Spiral Colon
Control
4.66
4.49
4.92
4.92
Antibiotic
3.51
2.99
4.81
4.76
MOS
3.63
5.33
2.00
2.24
Rotation
2.14
3.27
2.89
2.89
a

Data represent least squares means from 3 blocks with a total of 3 pigs per treatment.
SEM=0.46 for interaction means.

Table 29: Effects of dietary additives on E.coli resistance to carbadox (µg/ml) in
various locations in the gastrointestinal tracts in weanling pigs over all days.a
Treatment
GI Location
Jejunum
Ileum
Cecum
Spiral Colon
Control
4.95
4.09
3.75
4.44
Antibiotic
5.16
3.15
5.43
5.41
MOS
4.46
4.76
3.29
4.34
Rotation
4.19
7.37
4.13
5.29
a

Data represent least squares means from 3 blocks with a total of 6 pigs per treatment.
SEM=0.40 for interaction means.
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Figure 18: Effects of dietary additives on E. coli resistance levels to carbadox in
weanling pigs from day 7 to day 28 postweaning.
Data are in µg/ml and represent least squares means from 3 blocks with a total of 3 pigs
per treatment for each of the postweaning days
Day effects, (P=0.0032); Treatment X day effects, (P=0.05)
Average SEM=0.26
CT=Control treatment, AB=Antibiotic treatment, BM=MOS treatment, RT=Rotation
treatment.
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Table 30: Effects of dietary additives on isovalerate concentrations (mmoles/liter) in
various locations in the gastrointestinal tracts in weanling pigs on day 7
postweaning.a
Treatment
GI Location
Jejunum
Ileum
Cecum
Spiral Colon
Trt Mean
Control
0.03
ND
0.84
1.55
0.81
Antibiotic
0.31
0.05
1.89
2.19
1.07
MOS
0.22
0.11
1.02
1.46
0.71
Rotation
0.25
ND
1.02
0.71
0.66
b
Site Mean
0.20B
0.08C
1.19A
1.48A
a

Data represent least squares means from 3 blocks with a total of 3 pigs per treatment.
Site effects, (P=0.0013)
ABCD means with different letters within a row or column differ (P<0.05).
SEM=0.28, 0.33, and 0.27 for site, treatment and interaction means.
b

Table 31: Effects of dietary additives on isovalerate concentrations (mmoles/liter) in
various locations in the gastrointestinal tracts in weanling pigs on day 28
postweaning.a
Treatment
GI Location
Jejunum
Ileum
Cecum
Spiral Colon
Trt Mean
Control
0.21
0.46
0.35
0.49
0.38
Antibiotic
0.53
0.53
0.92
1.24
0.81
MOS
0.09
ND
0.37
1.01
0.49
Rotation
0.53
0.10
0.48
0.85
0.49
b
0.34B
0.36B
0.53B
0.90A
Site Mean
a

Data represent least squares means from 3 blocks with a total of 3 pigs per treatment.
Site effects, (P=0.0124)
ABCD means with different letters within a row or column differ (P<0.05).
SEM=0.11, 0.13, and 0.14 for site, treatment and interaction means.
b

Table 32: Effects of dietary additives on isovalerate concentrations (mmoles/liter) in
various locations in the gastrointestinal tracts in weanling pigs over all days.a
Treatment
GI Location
Jejunum
Ileum
Cecum
Spiral Colon
Trt Mean
Control
0.12
0.46
0.60
1.02
0.65
Antibiotic
0.42
0.29
1.41
1.72
0.83
MOS
0.15
0.11
0.70
1.23
0.62
Rotation
0.39
0.10
0.75
0.78
0.54
0.39C
0.39C
0.83B
1.02A
Site Meanb
a

Data represent least squares means from 3 blocks with a total of 6 pigs per treatment.
Site effects, (P=0.0001)
ABCD means with different letters within a row or column differ (P<0.05).
SEM=0.08, 0.12, and 0.19 for site, treatment and interaction means.
b
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also observed for isovalerate concentrations on day 28 postweaning (Table 31) where
concentrations were significantly higher in the spiral colon than in the jejunum and
cecum. Overall site effects (P=0.0001) for isovalerate concentrations were observed
where concentrations were lowest in the jejunum and ileum, significantly greater in the
cecum and highest in the spiral colon (Table 32).
No treatment or site effects (P>0.05) were observed in isobutyrate concentrations
overall (Table 35), day 7 (Table 33), or day 28 (Table 34) postweaning. A treatment X
site interaction (P=0.0200) was observed in isobutyrate concentrations on day 28
postweaning (Table 34). The Antibiotic treatment showed the lowest isobutyrate
concentrations for the jejunum and the highest for the spiral colon. Isobutyrate
concentrations were similar for all sites in the MOS treatment. Jejunal isobutyrate
concentrations were significantly higher than those found in the cecum and spiral colon
of pigs on the Control treatment. Concentrations were similar in the ileum, cecum and
spiral colon for the Rotation treatment. However, concentrations in the jejunum for the
Rotation treatment were significantly higher compared to the other three sites.
Overall (P=0.0017), day 7 (P=0.0253) and day 28 (P=0.0046) postweaning
treatment effects were observed for valerate concentrations. Site effects (P=0.0001) were
observed for day 7 (Table 36), day 28 (Table 37), and overall concentrations (Table 38)
of valerate. Treatment X site interactions were observed on day 7 (Table 36)
postweaning (P=0.0263) and overall (P=0.0398) for valerate concentrations. The level of
significance observed for valerate concentrations may have been exacerbated by the
inability to obtain adequate samples for proper analysis.

108

Table 33: Effects of dietary additives on isobutyrate concentrations (mmoles/liter)
in various locations in the gastrointestinal tracts in weanling pigs on day 7
postweaning.a
Treatment
GI Location
Jejunum
Ileum
Cecum
Spiral Colon
Control
0.64
0.00
0.95
1.26
Antibiotic
1.76
0.78
1.76
1.69
MOS
1.13
1.90
0.97
1.26
Rotation
1.07
0.00
1.06
1.01
a

Data represent least squares means from 3 blocks with a total of 3 pigs per treatment.
SEM=0.234 for interaction means.

Table 34: Effects of dietary additives on isobutyrate concentrations (mmoles/liter)
in various locations in the gastrointestinal tracts in weanling pigs on day 28
postweaning.a
Treatmentb
GI Location
Jejunum
Ileum
Cecum
Spiral Colon
Control
1.46
1.20
0.52
0.56
Antibiotic
0.74
1.17
1.05
1.42
MOS
0.65
0.00
0.84
1.14
Rotation
1.68
1.40
0.89
1.03
a

Data represent least squares means from 3 blocks with a total of 3 pigs per treatment.
Treatment X site effects, (P=0.0200)
SEM=0.157 for interaction means.
b

Table 35: Effects of dietary additives on isobutyrate concentrations (mmoles/liter)
in various locations in the gastrointestinal tracts in weanling pigs over all days.a
Treatment
GI Location
Jejunum
Ileum
Cecum
Spiral Colon
Control
1.05
1.20
0.74
0.91
Antibiotic
1.25
0.97
1.40
1.56
MOS
0.89
1.90
0.90
1.20
Rotation
1.38
1.40
0.98
1.02
a

Data represent least squares means from 3 blocks with a total of 6 pigs per treatment.
SEM=0.171 for interaction means.
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Table 36: Effects of dietary additives on valerate concentrations (mmoles/liter) in
various locations in the gastrointestinal tracts in weanling pigs on day 7
postweaning.a
Treatmentcd
GI Locationb
Jejunum
Ileum
Cecum
Spiral Colon
Control
0.00
ND
8.81
2.24
Antibiotic
0.00
0.00
8.04
2.48
MOS
0.00
0.00
10.63
3.33
Rotation
0.00
ND
2.41
0.91
a

Data represent least squares means from 3 blocks with a total of 3 pigs per treatment.
Site effects, (P=0.0001)
c
Treatment effects, (P=0.0253)
d
Treatment X site effects, (P=0.0263)
SEM=0.52 for interaction means.
b

Table 37: Effects of dietary additives on valerate concentrations (mmoles/liter) in
various locations in the gastrointestinal tracts in weanling pigs on day 28
postweaning.a
Treatment
GI Location
Jejunum
Ileum
Cecum
Spiral Colon
Trt Meanc
Control
0.11
ND
22.31
5.06
3.15AB
Antibiotic
ND
ND
2.65
1.98
2.32B
MOS
ND
ND
8.42
4.96
6.69A
Rotation
ND
ND
1.62
2.74
2.18B
b
Site Mean
0.11B
ND
0.31A
0.34A
a

Data represent least squares means from 3 blocks with a total of 3 pigs per treatment.
Site effects, (P=0.0001)
c
Treatment effects, (P=0.0046)
ABCD means with different letters within a row or column differ (P<0.05).
SEM=0.04, 0.05, and 2.12 for site, treatment and interaction means.
b

Table 38: Effects of dietary additives on valerate concentrations (mmoles/liter) in
various locations in the gastrointestinal tracts in weanling pigs over all days.a
Treatmentcd
GI Locationb
Jejunum
Ileum
Cecum
Spiral Colon
Control
0.11
ND
15.56
3.65
Antibiotic
ND
ND
5.35
2.23
MOS
ND
ND
9.75
4.15
Rotation
ND
ND
2.21
2.19
a

Data represent least squares means from 3 blocks with a total of 6 pigs per treatment.
Site effects, (P=0.0001)
c
Treatment effects, (P=0.0017)
d
Treatment X site effects, (P=0.0398)
SEM=1.35 for interaction means.
b
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No treatment effects (P>0.05) were observed in propionate concentrations for day
7 (Table 39), day 28 (Table 40) or overall (Table 41). Site effects (P=0.0001) were
observed for each sample day and overall for propionate concentrations. Concentrations
were lowest in the jejunum, significantly greater in the spiral colon, and significantly
greater again in the cecum on day 7 postweaning (Table 39). A similar pattern was
observed for propionate concentrations on day 28 postweaning (Table 40) and for overall
concentrations (Table 41).
No treatment effects (P=0.4850) were observed in acetate concentrations for day 7
postweaning (Table 42). Treatment effects (P=0.0002) were observed on day 28
postweaning where acetate concentrations were almost three times higher for the Control
treatment compared to all other treatments (Table 43). A similar pattern was observed
for treatment effects (P=0.0001) overall for acetate concentrations (Table 44). Site
effects (P=0.0001) were observed on day 28 postweaning and on overall acetate
concentrations. Site effects (P=0.0002) were also observed on day 7 postweaning where
acetate concentrations were highest in the cecum, significantly lower in the spiral colon
and lowest in the jejunum (Table 42). On day 28 postweaning, acetate concentrations
were lowest in the jejunum, approximately 2 times greater in the spiral colon and
demonstrated another 2 fold increase in the cecum (Table 43). Overall acetate
concentrations were lowest in the jejunum, highest in the cecum and intermediate in the
ileum and spiral colon (Table 44). Treatment X site interactions (P=0.0001) were
observed on day 28 postweaning (Table 43) and for overall (Table 44) acetate
concentrations. On day 28 postweaning, acetate concentrations increased, though not
significantly, from the jejunum to the spiral colon to the ileum for the Antibiotic
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Table 39: Effects of dietary additives on propionate concentrations (mmoles/liter) in
various locations in the gastrointestinal tracts in weanling pigs on day 7
postweaning.a
Treatment
GI Location
Jejunum
Ileum
Cecum
Spiral Colon
Trt Mean
Control
0.26
0.26
58.15
15.66
18.58
Antibiotic
0.31
0.17
50.90
14.21
16.40
MOS
0.21
0.22
53.28
18.17
17.97
Rotation
0.04
ND
36.29
8.50
14.94
b
Site Mean
0.21C
0.22C
49.65A
14.13B
a

Data represent least squares means from 3 blocks with a total of 3 pigs per treatment.
Site effects, (P=0.0001)
ABCD means with different letters within a row or column differ (P<0.05).
SEM=3.08, 4.15, and 2.94 for site, treatment and interaction means.

b

Table 40: Effects of dietary additives on propionate concentrations (mmoles/liter) in
various locations in the gastrointestinal tracts in weanling pigs on day 28
postweaning.a
Treatment
GI Location
Jejunum
Ileum
Cecum
Spiral Colon
Trt Mean
Control
1.80
0.42
64.16
20.95
21.63
Antibiotic
0.22
0.57
45.12
19.29
16.26
MOS
0.07
ND
56.29
26.45
27.60
Rotation
0.49
0.15
32.15
22.65
14.02
b
0.65C
0.38C
49.43A
22.33B
Site Mean
a

Data represent least squares means from 3 blocks with a total of 3 pigs per treatment.
Site effects, (P=0.0001)
ABCD means with different letters within a row or column differ (P<0.05).
SEM=2.55, 3.36, and 2.59 for site, treatment and interaction means.
b

Table 41: Effects of dietary additives on propionate concentrations (mmoles/liter) in
various locations in the gastrointestinal tracts in weanling pigs over all days.a
Treatment
GI Location
Jejunum
Ileum
Cecum
Spiral Colon
Trt Mean
Control
1.03
0.42
61.15
18.30
19.90
Antibiotic
0.26
0.37
48.01
16.75
16.27
MOS
0.14
0.22
54.48
22.31
19.45
Rotation
0.26
0.15
34.22
15.52
12.44
b
0.43C
0.29C
49.54A
18.23B
Site Mean
a

Data represent least squares means from 3 blocks with a total of 6 pigs per treatment.
Site effects, (P=0.0001)
ABCD means with different letters within a row or column differ (P<0.05).
SEM=1.89, 2.96, and 3.79 for site, treatment and interaction means.
b
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Table 42: Effects of dietary additives on acetate concentrations (mmoles/liter) in
various locations in the gastrointestinal tracts in weanling pigs on day 7
postweaning.a
Treatment
GI Location
Jejunum
Ileum
Cecum
Spiral Colon
Trt Mean
Control
15.54
ND
78.30
33.38
42.41
Antibiotic
31.18
15.40
88.92
30.91
41.45
MOS
18.05
27.29
73.18
34.14
38.03
Rotation
15.71
ND
71.25
23.45
36.80
b
Site Mean
20.12B
21.35B
30.47B
77.91A
a

Data represent least squares means from 3 blocks with a total of 3 pigs per treatment.
Site effects, (P=0.0002)
ABCD means with different letters within a row or column differ (P<0.05).
SEM=5.40, 7.60, and 10.81 for site, treatment and interaction means.
b

Table 43: Effects of dietary additives on acetate concentrations (mmoles/liter) in
various locations in the gastrointestinal tracts in weanling pigs on day 28
postweaning.a
Treatmentcd
GI Locationb
Jejunum
Ileum
Cecum
Spiral Colon
Control
34.32
422.9
81.92
36.20
Antibiotic
25.47
54.68
109.4
41.90
MOS
19.04
ND
80.98
43.57
Rotation
33.43
36.42
63.33
44.91
a

Data represent least squares means from 3 blocks with a total of 3 pigs per treatment.
Site effects, (P=0.0001)
c
Treatment effects, (P=0.0002)
d
Treatment X site effects, (P=0.0001)
SEM=5.23 for interaction means.
b

Table 44: Effects of dietary additives on acetate concentrations (mmoles/liter) in
various locations in the gastrointestinal tracts in weanling pigs over all days.a
Treatmentcd
GI Locationb
Jejunum
Ileum
Cecum
Spiral Colon
Control
24.93
422.86
80.11
34.79
Antibiotic
28.33
35.04
99.18
36.40
MOS
18.54
27.29
77.08
38.85
Rotation
24.57
36.42
67.29
34.18
a

Data represent least squares means from 3 blocks with a total of 6 pigs per treatment.
Site effects, (P=0.0001)
c
Treatment effects, (P=0.0001)
d
Treatment X site effects, (P=0.0001)
SEM=1.35 for interaction means.
b
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treatment. Concentrations were significantly higher in the cecum. Acetate
concentrations for the MOS treatment were significantly lower in the jejunum compared
to the spiral colon and cecum. The jejunum and spiral colon acetate concentrations were
lowest, cecal concentrations were significantly higher, and ileal concentrations were
highest for the Control treatment. For the Rotation treatment, concentrations in the
jejunum and ileum were similar, with slightly higher concentrations for the spiral colon
and cecum. Similar treatment X site interactions were observed in the overall acetate
concentrations (Table 44).
No treatment effects (P>0.05) were observed in butyrate concentrations for either
of sampling days or overall concentrations. Site effects (P=0.0001) were observed in
butyrate concentrations for day 7 (Table 45) and day 28 (Table 46) postweaning and in
overall concentrations (Table 47). Butyrate concentrations on day 7 were lowest in the
ileum, highest in the cecum and intermediate in the spiral colon (Table 45). The same
pattern in butyrate concentrations was observed on day 28 postweaning (Table 46) and
for overall concentrations (Table 47).
Tissue
No treatment effects (P>0.05) were observed in villi height or crypt depth for
either of the sampling days or overall. Villi height for day 7 postweaning (Table 48) was
shortest in the jejunum and highest in the duodenum (P=0.0003). On day 28 postweaning
(Table 49), villi height was shortest in the jejunum and highest in the duodenum
(P=0.0164). Villi heights in the jejunum were not different from those observed in the
ileum or the duodenum. Villi height was shortest (P=0.0001) in the jejunum and longest
in the duodenum overall (Table 50). Site effects were observed on day 7 (P=0.0015) and
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Table 45: Effects of dietary additives on butyrate concentrations (mmoles/liter) in
various locations in the gastrointestinal tracts in weanling pigs on day 7
postweaning.a
Treatment
GI Location
Jejunum
Ileum
Cecum
Spiral Colon
Trt Mean
Control
0.13
0.00
29.58
6.72
9.36
Antibiotic
2.48
0.53
35.33
8.06
11.99
MOS
0.41
0.31
31.94
7.78
10.10
Rotation
0.18
0.00
12.75
3.38
4.08
b
Site Mean
0.80C
0.21D
6.48B
27.40A
a

Data represent least squares means from 3 blocks with a total of 3 pigs per treatment.
Site effects, (P=0.0001)
ABCD means with different letters within a row or column differ (P<0.05).
SEM=2.03, 3.03, and 4.06 for site, treatment and interaction means.
b

Table 46: Effects of dietary additives on butyrate concentrations (mmoles/liter) in
various locations in the gastrointestinal tracts in weanling pigs on day 28
postweaning.a
Treatment
GI Location
Jejunum
Ileum
Cecum
Spiral Colon
Trt Mean
Control
0.89
0.30
36.58
9.91
11.81
Antibiotic
1.12
3.25
19.44
9.53
8.44
MOS
1.41
ND
23.98
12.06
12.48
Rotation
0.36
1.42
12.16
10.44
6.13
b
0.95C
1.66C
10.48B
23.04A
Site Mean
a

Data represent least squares means from 3 blocks with a total of 3 pigs per treatment.
Site effects, (P=0.0001)
ABCD means with different letters within a row or column differ (P<0.05).
SEM=1.34, 1.81, and 2.68 for site, treatment and interaction means.
b

Table 47: Effects of dietary additives on butyrate concentrations (mmoles/liter) in
various locations in the gastrointestinal tracts in weanling pigs over all days.a
Treatment
GI Location
Jejunum
Ileum
Cecum
Spiral Colon
Trt Mean
Control
0.51
0.30
33.08
8.31
10.04
Antibiotic
1.80
1.89
27.38
8.80
10.12
MOS
0.91
0.31
27.96
9.92
9.59
Rotation
0.27
1.42
12.46
6.91
5.80
b
0.87C
0.97C
8.48B
25.22A
Site Mean
a

Data represent least squares means from 3 blocks with a total of 6 pigs per treatment.
Site effects, (P=0.0001)
ABCD means with different letters within a row or column differ (P<0.05).
SEM=1.19, 1.88, and 2.38 for site, treatment and interaction means.
b
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Table 48: Effects of dietary additives on villi height (um) of the duodenum,
jejunum, and ileum in weanling pigs on day 7 postweaning.a
Treatment
GI Location
Duodenum
Jejunum
Ileum
Trt Mean
Control
1763
1329
1161
1418
Antibiotic
2043
1042
1336
1474
MOS
1774
885
1386
1349
Rotation
2359
1107
1585
1684
Site Meanb
1985A
1367B
1091C
a

Data represent least squares means from 3 blocks with a total of 3 pigs per treatment.
Site effects, (P=0.0003)
ABCD means with different letters within a row or column differ (P<0.05).
SEM=166, 219, and 265 for site, treatment and interaction means.

b

Table 49: Effects of dietary additives on villi height (um) of the duodenum,
jejunum, and ileum in weanling pigs on day 28 postweaning.a
Treatment
GI Location
Duodenum
Jejunum
Ileum
Trt Mean
Control
2073
1867
2013
2009
Antibiotic
2155
1591
2243
1966
MOS
2216
1719
1981
1972
Rotation
2303
1736
1802
1947
b
Site Mean
2187A
2016AB
1740B
a

Data represent least squares means from 3 blocks with a total of 3 pigs per treatment.
Site effects, (P=0.0164)
ABCD means with different letters within a row or column differ (P<0.05).
SEM=121, 169, and 235 for site, treatment and interaction means.
b

Table 50: Effects of dietary additives on villi height (um) of the duodenum,
jejunum, and ileum in weanling pigs over all days.a
Treatment
GI Location
Duodenum
Jejunum
Ileum
Trt Mean
Control
1918
1544
1502
1699
Antibiotic
2099
1317
1790
1735
MOS
1995
1302
1683
1660
Rotation
2331
1421
1694
1815
b
2086A
1680B
1417C
Site Mean
a

Data represent least squares means from 3 blocks with a total of 6 pigs per treatment.
Site effects, (P=0.0001)
ABCD means with different letters within a row or column differ (P<0.05).
SEM=109, 169, and 205 for site, treatment and interaction means.
b
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day 28 (P=0.0001) postweaning, and in overall (P=0.0001) crypt depth. Crypt depths
were shortest in the jejunum, ileum and duodenum, and deepest in the cecum and spiral
colon for day 7 postweaning (Table 51). The same pattern of crypt depth was observed
for day 28 postweaning (Table 52) and overall (Table 53).

Discussion
The lack of significance among the treatments in growth performance
characteristics may be a result of the pigs being weaned into a relatively clean
environment. This type of environment may have produced less of an immunological
challenge and reduced the physiological stressors that can contribute to the lag phase that
follows weaning. Roura et al. (1992) observed that adding antibiotics to the diet of birds
in a clean environment did not affect growth variables. They also observed that feeding
antibiotics improved weight gain, feed consumption and efficiency of feed utilization
when birds were immunologically stressed by injection with Salmonella typhimurium.
Subtherapeutic levels of antibiotics increase an animal’s ability to withstand stress and
aid in control of postweaning diarrhea. The response to antibiotic feeding is greatest in
young, unthrifty, or stressed animals and the response is usually less when animals are
housed in a new building. As microbial loads in the environment build up, the response
to the antibiotics increase (Cheeke, 1999). Turner et al. (2001) also suggested that
environmental factors such as sanitation may play a role in the observed improvements,
or lack thereof, in growth performance of weanling pigs fed MOS or subtherapeutic
levels of antibiotics. Antibiotics have been shown to exhibit growth-promoting effects
(Thrasher et al., 1969) with an average increase in rate of gains around 25% when
included in starter diets (Hays, 1977). In the current study, pigs fed subtherapeutic levels
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Table 51: Effects of dietary additives on crypt depth (um) in various locations in the
gastrointestinal tracts in weanling pigs on day 7 postweaning.a
Treatment
GI Location
Duodenum Jejunum
Ileum
Cecum Spiral Colon Trt Mean
Control
881
735
651
812
840
784
Antibiotic
776
722
677
974
804
791
MOS
606
634
634
807
815
699
Rotation
582
701.47
792
889
742
741
b
711BC
698C
688C
870A
800AB
Site Mean
a

Data represent least squares means from 3 blocks with a total of 3 pigs per treatment.
Site effects, (P=0.0015)
ABCD means with different letters within a row or column differ (P<0.05).
SEM=35, 33, and 65 for site, treatment and interaction means.

b

Table 52: Effects of dietary additives on crypt depth (um) in various locations in the
gastrointestinal tracts in weanling pigs on day 28 postweaning.a
Treatment
GI Location
Duodenum Jejunum Ileum
Cecum
Spiral Colon Trt Mean
Control
810
637
687
1103
1037
856
Antibiotic
705
658
669
845
1038
783
MOS
731
821
678
965
1152
870
Rotation
852
730
681
1034
828
825
775B
712B
680B
987A
1014A
Site Meanb
a

Data represent least squares means from 3 blocks with a total of 3 pigs per treatment.
Site effects, (P=0.0001)
ABCD means with different letters within a row or column differ (P<0.05).
SEM=40, 40, and 80 for site, treatment and interaction means.
b

Table 53: Effects of dietary additives on crypt depth (um) in various locations in the
gastrointestinal tracts in weanling pigs over all days.a
Treatment
GI Location
Duodenum Jejunum
Ileum
Cecum Spiral Colon Trt Mean
Control
846
696
665
957
938
823
Antibiotic
741
690
673
910
921
787
MOS
668
696
656
886
984
784
Rotation
717
716
736
961
785
783
Site Meanb
743B
708B
683B
929A
907A
a

Data represent least squares means from 3 blocks with a total of 6 pigs per treatment.
Site effects, (P=0.0001)
ABCD means with different letters within a row or column differ (P<0.05).
SEM=29, 33, and 59 for site, treatment and interaction means.
b
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of antibiotics showed no improvement in growth performance compared to the Control
treatment. Orban et al. (1997) also found no improvement in growth performance of
growing pigs with the addition of subtherapeutic levels of antibiotics. Antibiotics
produce a much greater response in younger pigs (Hays, 1977) with the response
declining as animals mature (Hays, 1986). Factors other than age that may affect an
animal’s response to antibiotics include the animal’s genetic predisposition (Stahly,
1996), the status of the pig’s immune system (van der Broek, 1993), and the type and
duration of antibiotics used (Fragerberg and Quarles, 1979). Pigs in this study were
weaned at approximately 21 to 23 days of age whereas many commercial production
facilities wean at approximately 18 days of age. It may be possible that the increased
weaning age resulted in the pigs being more physiologically and immunologically
developed. This, in conjunction with the pigs being weaned into a clean environment,
may have enabled the pig to adapt to the stresses of weaning more effectively, resulting
in less growth promoting effects of the treatment additives.
pH was variably affected by the treatments. Hydrogen ion concentration is a
major factor that dictates the type of microorganisms that colonize particular areas of the
intestinal tract (Savage, 1977). This is reflected in the current study where the highest
concentrations of bacteria and VFA were observed in the intestinal regions with the
lowest pH. The fact that pH was highest for the Antibiotic and MOS treatments is of
interest because bacteria such as E.coli tend to favor an environment that is more alkaline
in pH, whereas bacteria such as lactobacilli prefer a more acidic pH (de Alwis, 1970).
This is supported by studies conducted by Mathew (1991). Treatment effects observed
for E.coli concentrations in the current study indicate that E. coli concentrations were
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lowest in the Antibiotic and MOS treatments even though pH concentrations for these
treatments were significantly more alkaline, potentially creating a more desirable
environment for E.coli. The treatment effects observed for pH were only observed on
day 28 postweaning. Since no overall treatment effects were observed, it may be possible
that day 28 variations were the result of various factors involved during the sacrifice and
sampling period. It may also be possible that even though pH was statistically more
alkaline for the Antibiotic and MOS treatments, pH did not vary enough physiologically
to produce significant differences in the microflora during the sampling period. It must
also be considered that there are many other factors such as pancreatic and intestinal
enzymes, bile salts, and intestinal buffering of the digesta as it enters the duodenum from
the stomach, that may be influencing the pH during the weanling period.
VFA concentrations were similar to those observed by Bergman (1990) and
Friend et al. (1963) where concentrations were lowest in the stomach and small intestines
while highest in the cecum and colon. The only treatment effects observed for VFA
occurred on day 28 postweaning and in overall acetate concentrations, where
concentrations were approximately three times higher for the Control treatment than for
any of the other three treatments. This may be related to the fact that the Control
treatment also contained the highest concentrations of E.coli during this period.
According to Bergman (1990), the concentrations of VFA at different sites of the
gastrointestinal tract are a direct function of the bacterial population. This also supports
the site effects observed for the microflora and VFA from the present study where the
lowest concentrations of both lactobacilli and E.coli were located in the intestinal regions
with the lowest VFA concentrations. This indicates that regions such as the cecum and
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spiral colon exhibit much greater fermentation activity, possibly as a result of an
environment that promotes higher bacterial populations, which can result in higher
concentrations of VFA produced. This is in agreement with studies conducted by
Mathew (1991).
It is interesting to note that lactobacilli concentrations were numerically higher in
the cecum and spiral colon of pigs from the MOS treatment. Oligosaccharides are readily
fermented in the cecum and large intestine and promote the growth of lactic acid bacteria
such as lactobacilli (Gabert et al., 1994). It may be possible that the
mannanoligosaccharide included in the diet is being fermented in the cecum and spiral
colon thus promoting the lactobacilli growth in these regions. The lactobacillus genus
has been speculated to be a key participant in maintaining a balance in microbial number
and types in the intestinal tract (Hutcheson, 1994). The possible promotion of lactobacilli
growth by the mannanoligosaccharide may provide mechanistic insight as to how the
product has been able to produce similar results as subtherapeutic levels of antibiotics in
diets for weanling pigs.
Overall resistance levels of E.coli decreased from day 7 to 28 postweaning for all
treatments except for the Control. However, a treatment X day interaction was observed
where resistance decreased for the Antibiotic, MOS and Rotation treatments but
increased for the Control treatment from day 7 to 28 postweaning. Initially it was
expected that an increase in resistant bacteria from those treatments would occur as a
result of bacteria being forced to develop mechanisms of resistance for survival. Results
from the current study do not reflect this, possibly due to a variety of factors. The fact
that pigs did not receive antibiotics prior to weaning along with the removal of all
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antibiotics from the sow feed upon entering the farrowing house may have affected the
initial number of resistant bacteria for all treatments. This is supported by numerous
researchers, (Langlois et al., 1983; Dawson et al., 1984; and Linton, 1978), who observed
a decrease in levels of resistant bacteria after removing the antibiotic from the feed. It is
possible that, by removing all pre-trial access to antibiotics, the pigs began the trial with
fewer antibiotic resistant bacteria than would normally be observed in a conventional
rearing system. This reason, along with the fact that pigs were weaned into a relatively
clean environment, may have influenced the levels of resistant bacteria.
The potential for the Antibiotic, MOS and Rotation treatments to control the
proliferation of the E.coli resulting in fewer overall populations may also explain the
treatment X day interactions observed. Lowering the total number of E.coli overall may
reduce the amount of resistant genetic material that is available for transfer among cells,
making it necessary for individual bacteria to develop new mechanisms of resistance.
This may have contributed to the lower levels of resistance observed for these three
treatments during this period. Resistance that occurs through the acquisition of new,
foreign DNA is considered the most common. Acquisition of new DNA can occur by
transformation, transduction, or conjugation. Genes that may be involved in resistance
and are associated with Gram-negative bacteria such as E.coli are usually associated with
conjugative plasmids (Chopra and Roberts, 2001). These plasmids may also encode for a
sex pilus, which allows the bacteria to transfer plasmids from cell to cell (Murray and
Hodel-Christian, 1991). The DNA information encoded on the plasmids is often a
determinant of antibiotic resistance (Son et al., 1997). It may also be possible that the
removal of pre-trial antibiotics along with the relatively clean weaning environment also
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contributed to the decrease in resistant bacteria by the removal of bacteria with the
potential to either transfer or receive genetic material associated with resistance.
The lack of treatment response in villi height and crypt depth is likely due to the
pigs’ digestive tracts being mature enough not to show significant changes in morphology
during the treatment period. The decreased levels of E.coli may also indicate fewer toxic
products as a result and thereby reducing the deleterious affects on the intestinal lining.
This would reduce the rapid turnover of intestinal epithelium that can cause nutrients to
be diverted from other areas such as growth. Growth promoting additives such as
subtherapeutic levels of antibiotics often work by decreasing or prohibiting the
proliferation of bacteria such as E.coli that produce toxic products which are harmful to
the intestinal epithelium. Reducing bacterial exposure by weaning into and maintaining
pigs in cleaner environments may have decreased the need for antibiotics or alternatives
and potentially reduced their growth promoting effects. This might explain why both the
Antibiotic and MOS treatments failed to produce enhanced growth performance over that
of the Control treatment.
It was necessary to wean the pigs under these environmental conditions in order
to obtain more accurate bacterial counts for individual treatments without transfer or
cross contamination. In retrospect, the administration of a pathogenic E.coli challenge to
the pigs mid-trial may have increased the need for subtherapeutic levels of antibiotics or
alternatives and resulted in greater differences among the variable measured for each
treatment (Roura et al., 1992; van der Broek, 1993; and Cheeke, 1999).
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IV. CONCLUSIONS
The results from this research indicate that total numbers of E.coli and the level of
antibiotic resistance can be altered by including growth promoting additives in the diet.
Although growth characteristics were not affected by the dietary treatments, total E.coli
concentrations were reduced along with the level of resistance for pigs receiving
treatments that included either carbadox or mannanoligosaccharides.
The lack of treatment effects in Experiment One, especially when compared to the
second experiment, indicated that either the cannulation or environment might have
influenced the potential outcome of the results. It also appears that the cleaner weaning
environment contributed to the lack of effects in growth performance characteristics in
Experiment Two. Since growth promoting effects of antibiotics are more pronounced in
pigs that are more physiologically and immunologically challenged, it is conceivable that
the reduction of these stressors reduced the dietary additive’s effectiveness to enhance
growth performance.
The strong similarities observed between the Antibiotic and MOS treatments, in
pH, VFA concentrations, E.coli bacterial populations, indicates potential for MOS or
other mannanoligosaccharide products to replace sub-therapeutic levels of antibiotics in
swine diets.
Further studies are needed to determine if similarities exist between the two
additives under a challenge situation. The administration of a pathogenic E.coli
challenge should increase the effectiveness of the dietary additives and result in more
pronounced treatment effects. This may provide more insight about the growth
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promoting mechanisms and the affects the additives have on the level of resistant
bacteria.
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V.

IMPLICATIONS

The implications of this research to the swine industry are that the addition of
carbadox or mannanoligosaccharides to weanling pig diets does not improve growth
performance characteristics. However, including mannanoligosaccharides in weanling
pig diets at the proper level and feeding period may reduce overall numbers of E.coli. If
products such as mannanoligosaccharides can discourage the proliferation or colonization
of pathogenic enteric microorganisms, the reliance on sub-therapeutic levels of
antibiotics in animal feed. In addition, including non-antibiotic alternatives, such as
mannanoligosaccharide products, that have growth promoting characteristics similar to
sub-therapeutic levels of antibiotics could potentially reduce overall production costs by
increasing the effectiveness of antibiotics in disease treatment. Results from this research
also indicate that carbadox can be used for short durations in weanling pig diets without
increasing the level of resistant E.coli.
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